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OBSERVATIONS ON THE BODY TEMPERATURE OF 

DRY COWS 

By Max Kriss ^ 

Associate in Animal Nuiritio'n^ Institute of Animal Nutrition, The Pennsyhania Stats 

College 

COOPERATIVE ^ INVESTIGATIONS BETWEEN THE INSTITUTE OE ANIMAL NUTRITION OF 

THE PENNSYLVANIA STATE COLLEGE AND THE BUTlEAU OP ANIMAL INDUSTRY OF 

THE UNITED STi^TES DEPARTMENT OF AGRICULTURE 

The normal temperature of the animal body is never a constant figure. 
It varies in different species, in different individuals, and is never abso¬ 
lutely constant even in the same individual. The observations on the 
body temperature of man are numerous and more or less conclusive, while 
relatively little attention seems to have been given to the study of the 
variations in the body temperature of farm animals under different con¬ 
ditions which are known to affect the temperature of man.® 

In healthy warm-blooded animals, notably cattle, as well as man, the 
body temperature fluctuates within very narrow limits. When, how¬ 
ever, the normal processes of the body are upset, the temperature may 
vary widely, and for this reason body temperature is looked upon as an 
index of health. But aside from this and from any other physiological 
significance that it might have, knowledge of the normal course of fluc¬ 
tuations in body temperature of cattle has grown in importance with 
the perfection of the respiration calorimeter used in the investigations 
on metabolism with cattle. 

By means of the respiration .calorimeter the beat produced by the 
animal during a certain period of time, as well as the gaseous exchange 
between the animal and the atmosphere that surrounds it, is measured. 
But in order to deteimine accurately the beat production as distinguished 
from the heat emission, a knowledge of the storage or loss of heat by the 
animal body is indispensable. If at the end of an experimental period 

^ I am, under obligation to Dr, H. P. Armsby for the opportunity to carry out tkls mvestigation, and I 
wisb to tfiyank bita for bis invaluable suggestions and kindly criticism. I also wish to thank the other 
membersof the staff, especially Prof. J, A, Pries and. Prof, W. W. Btaman for the interest they have shown 
and for the'sugge^tkfflS'tbey have\given me. 

® M. S, 'ANIMAL WAT, In ScbEfcr, E. A,,,'e(i. Text-Book of Physiology', p. 785-867, fig. 

76-8*., Edinburgh, Epndon, New Vork, 1S98, 
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the body temperature of an animal weighing 400 kgm, is C. higher 
or lower than that at the beginning, it would mean, in the first case, a 
storage and, in the second case, a loss of heat by the body amounting to" 
332 calories (assuming the specific heat of the body to be 0.83). Such 
a quantity would be too large to be entirely ignored in accurate deter¬ 
minations of heat production. 

It has been generally claimed that in 24- or 48-hour respiration calorim¬ 
eter experii^ients no serious error is introduced by the assumption that 
the body temperature is approximately the same at approximately the 
same hour of the day. It was the main purpose of this experiment to 
obtain data regarding the extent and the course of the body temperature 
variations in cattle and to study some of the factors that might influence 
them. With this object in view, observations on the body temperature 
of cows have been made '^vith reference to the study of the following: 

1. Variations in body temperature from about 7.30 a. m. to about 5.30 
p. m., including the effect of water drunk. 

2. Thermal gradient in the body. 

3. Variations in body temperature from about 5 p. m. to about 7 p. m.„ 
including the effect of the feed. 

4. Effect of the act of defecation and of change in position. 

5. Daily variations in temperature measured at exactly the same time 
of the day. 

SUBJECT AND CONDITIONS OF THE EXPERIMENT 

It is essential, in order to get comparable results, tiiat the temperature 
observations on the subject be made under as strictly uniform conditions” 
as practicable. This condition of the experiment fortunately existed to' 
great satisfaction, since the animals used for this experiment were those 
used at the same time at the Institute of Animal Nutrition for metabolism 
experiments ivith the respiration calorimeter, in which strict control of 
feeding, environment, etc., is maintained. It may perhaps not be super¬ 
fluous to give a complete description of the animals used for, this experi¬ 
ment in order that a fuller appreciation of the individual variations in 
body temperature may be later had in considering the experimental 
'results. 

DESCRIPTION OF THE ANIxMAES 

' . Thc'animals .used were two dry cows, No. 885 and No. 886, They are 
both''pure-bred registered Jerseys. Cow 885 was bom on March 27, 1914, 

^ ,aiid,dropp'ed'.her first and last calf on September 15, 1917. ■ Cow 886’'was 
" bomnn July 13, '1914, and dropped her first and last calf on October 10 
1917. -/They weigh about 400 kgm, each and resemble each other very 
much in respect,to, both ske.and color. 

Both cows were in good health-throughout the^ experiment. ' ' 
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LOCATION 

The cows were located during the experiment in the institute bam, 
which is a closed wooden building provided vith a coal stove so that the 
temperature of the room could be kept fairly uniform. 

TIME AND RATIONS 

The investigation covers a period of some 16 weeks from ^ December i, 

1919, to March 22, 1920. The cows were kept on a maintenance ration, 
except that from December 20, 1919, to January 24, 1920, cow 886 re¬ 
ceived a supermaintenance ration, and from January 10 to February 7, 

1920, cow 885 received a supermaintenance ration, about 1.5 times the 
maintenance ration in both cases. 

feeding and watering 

The cows were fed twice during every 24 hours, at 6 ,a. m. and at 
5 p. m., unless the time was changed for experimental purposes, in 
which case it has been specified. They w^ere watered only once'^a day, 
at about 8 a. m., the amount of water drunk and the temperature of 
the water being recorded. 

BARN TEMPERATURE 

A continuous record of the temperature of the bam was obtained by 
means of the Columbia recording thennometer. But besides this the 
temperature of the barn, as indicated by a mercurial thermometer, was 
recorded simultaneously'with every observation on the body tempera¬ 
ture of the animal. 

method of making body-temperature observations 

The observations on the body temperature were made by, means of 
carefully standardized clinical thermometers. During the'greater part 
of the experiment one and the same thermometer was used, while for 
.simultaneous readings of the rectal and vaginal temperatures a second 
one was used. To avoid any possible error as to the relative value 
of the rectal and vaginal temperatures that might be due to the use 
of two different thennometers, the latter were for a few days inter¬ 
changed—that is, the thermometer used one day for measuring the 
rectal temperature was used the following day for the vaginal, and vice 
versa. This was further checked by using one and the same thermometer 
for both the rectal and vaginal temperature readings, taken one imme¬ 
diately after the other. ''' ' ' 

All obser\mtions except those on the thermal gradient were made at 
a depth of 7 inches. The thermometers, which were originally 5 inches 
long, w’-ere'accordingly lengthened'by means of a piece of rubber 'tubing 
'Slipped K inch dr so Over the upper end of the thermometer and tb'e 
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remaining portion over the string attached to the loop of the thermometer 
and stiffened by inserting inside the rubber tubing a strip of copper wire* 
This was finally covered with adhesive plaster and a rubber ring tightly 
fitted at the end. This arrangement proved very satisfactory. In the 
first place, the thetmoineter could be inserted to the desired depth, and, 
in the second place, there was little danger of breaking it during the 
insertion. 

The theteaometer was ordinarily allowed to stay in the rectum or 
vagina for about three minutes, and the time and temperature were 
recorded immediately upon its removal. 

EXPERIMENTAL RESULTS 

The results are expressed in the form of cun^es. In all curves except 
those of the thermal gradient the hours or dates are expressed by hori- 
zontal distances, and the corresponding temperatures are represented 
vertically. , In the curves of the thermal gradient the horizontal dis- 



Fig. I. —Variations in foody temperature of cow S86 on December i, 1919. 7.50 a. m. to 4.30 p. m.; ^,50 a. m. 
immediatelyafterttrittating:; 8 .asa.m.d.ranks. 3 kgi£i.ofwaterats 2 '*F.;io a. m. lying; 10.2,3 a. m. stand¬ 
ing and immediately after defecating; 11.15 a. m. lying; 1.30 p. m. lying; 3.30 to 4.30 p. in. standing; 3.3* 
p. m. immediately after defecating. 

tances represent'the depths of insertion, and the vertical distances repre¬ 
sent the corresponding temperatures. 

The bam temperatures are not given because they were too uniform 
to have had any appreciable effect on the body temperature, ranging 
in most cases between 50® to 60® F, 

To facilitate comparisons, the different' types of curves for the two 
cows have been arranged to follow each other in more or less chronological 
order. 

VARIATIONS IN BODY TEMPERATURE FROM ABOUT 7.30 'A. M. TO ABOUT 

5.30 P. M. 

O'BSERVATIOKS OX DECEMBER I, 1919, TOTH COW 886 

Readings of the' rectal and vaginal temperatures were taken ,at approxi¬ 
mately i“hoiir intervals from 7.50 a.'m.,to ix.15 a. m.'andfrom 1.30 p. m. 
to 4.30 p. m," The' vaginal temperature was' measured immediately 
after'the recM' by the same thermometer, T'he reading' of the;vaginal 
'temperature at 7*5^,'^* m*,,was' taken'immediately 'after the'cow had 



Apr. 1,1921 


Observations on the Body Temperatme of Dry Cows 


5 


urinated. At 8.25 a. m. the cow drank 5.2 kgm. of water at 52° F. 
During the obser\^atioiis at 10 a. m., 11.15 a. m., and 1.30 p. m. the cow 
was lying; during all others she was standing. The readings at 10.22 
a. m, and 3.32 p. m. were taken immediately after the animal had 
defecated. The results of these observations are showm in figure i. 

The curve for the rectum shows a slight fall in temperature between 
8.40 a. m. and 10 a. m,, the period following the drinking of the water. 
It then slight!}^ rises and from 10.22 a. m. to 1.30 p. m. forins almost a 
straight line. From 1.30 p. m. to 4.30 p. m, it shows a gradual rise of 
temperature. 

The curve for the vagina is in general lower than that for the rectum. 
It does not show, however, any effect of the water drunk, forming a 
straight line till 10 a. m. and meeting the rectal curve at that time. The 
two curves then diverge to meet again at 1.30 p. m. They then diverge 
again but soon run almost parallel to each other till 4.30 p. m. 



Fig. a.—Variatiosis in body temperature of cow 886 on December a, 1919, 7.40 a. m. to 5.20 p. m. At 7.40 
a. m. standing; 8.00 a. m. drank 13.0 kgm. of water at 48® F.; 8,20 a, m. Ijdng; 9.00 a. m standing and. 
immediately after defecating; 9.35 a. m. to 10.35 a. m. lying; 2.57 p. m. standing; 3.53 p. m. lying down 
witli tberxdiometers inserted; 4.35 p. m. immediately after defecating; 5 p. m. to,5.20 p. m. eating. 

The highest rectal temperature obtained was 102.2°' F. at 4.30 p. m., 
while the lowest was ioi.6° at 10 a. m. The highest vaginal temperature 
obtained was 101.9° at 4.30 p. m., while the lowest was 101.5° 10.22 

a, m. and 11.15 a. m. 

OBSEKVAXIOMS ON DBCFMBER 2, I919, WITH COW 886 

Readings of the rectal and vaginal temperatures were taken at approxi¬ 
mately i~hour intervals from 7.40 a. m. to 11.35 from 1.50 to 

5.20 p. m. The rectal and vaginal temperatures' were measured at the 
same time, by the two thermometers. , At 8 a. m. the cow drank 13 kgm. 
of water at 48° F. During the observations at 8.20 a. m., 9.35 a. m., and 
10.35 a. m. the cow was lying;, at 3.55 p. m. the cow lay down with the 
thermometers inserted. , The' cow was up during all the other readings. 
At 9 a, m. 'End at 4.35 p. m. the readings were taken immediately after 
defecation.,, The cow was fed at 5 p. m., and at ,the end of the observa¬ 
tions—that is, at 3,.20 p. m.—she was still eating. The results are given 
,in figure 2. ^ 
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The cttrve for the rectiiixi, as in figure i, shows a fall in temperature 
during the period following the drinking of the water. This clrof 3 is, 
hox^ever, more sudden and more noticeable, presumably on account of the 
greater amount of water drunk. The curve is quite uniform from 9.35 
a. m. to 2.57 p. m., when it shows again a fail in temperature till 3.55 
p. m,, followed by a rise till 5.20 p. m. 

The curve for the vagina is again lower than that for the rectum. It 
shows the eSect of the water a little earlier than the rectal. During their 
course the two curves meet four times. There is, in general, however, 
some resemblance between figure i and figure 2. 

The highest rectal temperature obtained was 102.3° ‘5.20 p. m., 

while the lowest was 101.4° at 9 a. m. The highest vaginal temperature 
obtained was 102° at 5.20 p, m., while the lowest was 101.4° at 8.20 a. m. 
and at 9 a. m. 

OBSUaVATIONS ON BBCOTBEB. 3, 1919, WTtn COW 8S6 

Ridings of the rectal and vaginal temperatures were taken at approxi¬ 
mately i-hour intervals from 8.10 a. m. to ii a. m. and from 1.30 p. m. to 



Fig, 3.—Vaiiations in body temperature of cow SS6 on December 3, 1919, 8.10 a. m, to 4.36 p, m. At S 
a. m. drain: 13,0 igm, of water at n.; 8,10 a. m. to 8.54 a, m. standing; 10 a. in. iiainediately after 
getting up and defecating; 11 a. m. l>dng; 1.30 p. m, to 4.46 p. m. standing; 3.13 p. m. immediately after 
defecating; 4.36 p. m. immediately after defecating. 

4.36 p. m. The rectal and vaginal temperatures were measured simulta¬ 
neously by means of the, two thermometers interchanged—^that is, the 
one used on December 2 for the rectum was used here for the vagina, and 
vice versa. At 8 a. m. the cow drank 13 kgm. of water at 55° T. At ii 
a. m. the cow was lying. During all other observations the cow was up. 
The readings at 10 a. m., 3.15 p. m., and 4.36 p. m. were taken immedi¬ 
ately after defecation. The results of these observations are given in 
figure 3. 

The curves show the flsual fall in temperature after watering and the 
rise in temperature in the afternoon. The curve for the vagina is lower 
than that for the rectum and is to a great degree parallel with it. 

The highest rectal temperature obtained was 102.3° P. at 8.10 a. m. 
and 4.36 p. m., while thelbwestwas i63:.6° at 10a. m. and 2.309.m. The 
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highest vaginal temperature obtained was loi.S*^ at 8,10 a. m., while 
the lowest was 101.2° at 8.54 a. m. and at 10 a. m. 

OBSERVATIONS ON BBCEMBER 4, 1919, WITH COW^ 886 

Observations on the rectal and vaginal temperatures were made at 
approximately i«hour intervals from 7.45 a. m. to 5.24 p. m. The rectal 
and vaginal temperatures %vere measured simultaneously with the two 
thermometers, as on the preceding day. At 8.05 a. m. the-cow drank 
9 kgm. of water at 54° F. During the readings at 8.57 a. m. and 2.24 
p. m. the cow was lying, w^hile during all others she was standing. At 
9.33 a. m. the reading was taken immediately after defecation. From 
5 p. m. to 5.24 p. m. the cow was eating. The results are represented 
by figure 4. 

The curves show the usual fall in temperature after watering and the 
rise in the afternoon. The vaginal curve is lower than the rectal, meet¬ 
ing the latter at only one point, at 3.30 p. m. 

The highest rectal temperature obtained was 102.2° F. at 4.24 p. m. 
and 5.24 p. m., while the lowest was 101.6° from 10.42 a. m. to 2.24 p. m. 

T 



4.—-Variations in foody temperature of cov?” SS6 on December 4,1919, 7.45 a. in. to 5.34 p. m, From 
7.4s a. m. to 8.34 a. m. standing; 8,05 a. m. drank 9 kgm. of water at 54" F.; 8,57 a. m. lying; 9"33' 
a. m. komediately'after getting up and defecating; 10.42 a. m. to 1.30 p. m. standing; 2.24p. m. lying; 
3.30 p, m. to 5.24 p. m. standing; 5 p. m. to 5.24 p. m. eating. 

The highest vaginal temperature obtained -was ioi.8° at 4.24 p. m. and 
5,24 p. m., while the lowest W'as 101.2° from 8.57 a. m. to 11.30 a. m. 

OBSERVATIONS ON DECEMBER 5, X919, IWTH COW 8S6 

Observations on the rectal and vaginal temperatures were made at 
approximately i-hour intervals from 7.45 a. m. to 11.24 a. from 

1.36 p, m. to 5.24 p.'m. The rectal .and vaginal temperatures were 
measured at the same time with the two thermometers as on Decem¬ 
ber 2 (fig. 2). 'At.8 a. m. the cow drank 6 kgm. of water at 54° F. At 
7.45 a. m., 9,42 a. m.,, 11.24 a.'m., 1.36 p. m. the cow was lying; 

during the other readings she vras standing. At 10.36 a. m. and at 3.18 
p. m. the readings were taken immediately after defecation. From 5 
p. m. to 5.24 p., m. the cow was eating. The results are represented by 
figure 5. ,' 
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The peculiar feature of these curves is that the vaginal curve crosses 
the rectal at t\yo pointSj besides meeting at another. The usual fall in 
temperature after watering and the rise in the afternoon are also shown.. 

The highest rectal temperature obtained was 102.3^ F. at 7.45 a. m.^ 
while the lowest was 101.45® at 3,. 18 p, m. The highest vaginal tem¬ 
perature obtained was 102® at 7.45 a. m. and 5,24 p. m., while the lowest ^ 
was 101.4® at 8.27 a. m., 10.36 a. m., and 1.36 p. m. 

OBSERVATIONS ON DECEMBER I, 1919, WITH COW 88$ 

Obsen^ations on the rectal and vaginal temperatures were made at 
approximately i hour intervals from 8.06 a. in. to 11.30 a. m. and from 
1.30 p. m. to 4.30 p. m. The vaginal temperature was measured im-. 
mediately after the rectal by the same thermometer. At 8.30 a. m. the 
cow drank 29.4 kgm, of water at 52® F. The cow was standing during 



Fig, 5.—Variations in body temperature of cow 8S6 on December 5,1919, 7.4s a. rn. to 5.24 p. m. At 7.45 
&. m. lying; 8 a. m. drank 6fcgra. of water at 54® F.; 8.27 a. m. standing; 9.06 a. m. and 9.42 a. m, 
lying; 10,36 a. in. immediately after getting up and defecating; xi.24 a. m. to 1.36 p. m. lying; 2.15 p. m. 
standing; 3.1S p. m, immediately after getting up and defecating; 3.42 p. m. to 5*24 P* standing; 5 
p. m to 5.24 p. m. eating. 

all readings. At 8,12 a. m., 10.12 a. m., and 2.30 p. m. the readings 
were taken immediately after defecation. The results are represented 
by figure 6. 

The peculiar feature of these curves is the very marked effect of the 
large quantity of water drunk. 'The vaginal is lower than the rectal 
cur\^e and is almost parallel with it, meeting it, however, at two points. 
The usual rise in temperature in the afternoon is also shown. 

The highest rectal temperature obtained was 102.2® F. at 4.30 p. m., 
the lowest was 100.2® at 10.12 a. m. The highest vaginal temper¬ 
ature obtained was 101.7® at 8.12. a. m., while the lowestwvas 100.2® 
at 10.12 a. ni, 

observations on DECEMBER 2, 1919, WITH COW 885 

, Readings of the rectal and vaginal temperatures were' tak^en at approxi- 
matdy i-hour''intervals from 7.48 a, ,m. to' 10,45' a. from 

to 5.30 p. mr : The Tectal ,and'Vaginal, temperatures were’'measured'at 
The same time'ivith ,the;;two:thermom,eters as'for figures 2 and''5,, '-At 
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about 8 a. m. the cow was offered water, but she refused to drink. 
At 7.48 a. m. the cow was lying; during all other readings she was stand¬ 
ing. At 9.25 a. m. the reading was taken immediately after the cow had 
urinated. At 7.48 a. m., 3.10 p. m., 5 p. m., and 5.30 p. m. the read- 





/iAf. 


Fsg. 6.—Variations in body temperature of cow SSs on December i,' 1919, 8.06 a. m. to 4.30 p. m. From 
8.06 a. m. 104.30 p. m. standing; 8.12 a. tn. immediately after defecating; 8.30 a. m. drank 29.4 kgm. of 
water at 53®F.; 10.12 a. m. immediately after urinating and defecating; 2.30 p. m. after defecating. 

ings were taken immediately after defecation. From 5 p. m. to 5.30 
p. m. the cow was eating. The results are represented by figure 7. 

The striking feature of these curves is that they are very much smoother 
than the preceding ones. The drop in temperature in the morning is 
lacking, apparently, because the cow did not drink any water. The 
curves show instead a very gradual and slight fall in temoemture till 


T. 



Fig. 7,— Variations in body temperature of cow SSs on December 2,19x9, 7.48 a. m, to 5.30 p. m. At 7.4S 
a, in., lying and immediately after defecating; 8.36 a.m. to 5.30 p. m. standing; cow drank no water; 9.25 
a. m. immediately after urinating; 3.10 p. ni. immediately 'after defecating; s P* immediately after 
defecating; 5,p.'m, to, 5.30 p. m. eating; 5.30 p. m. immediately after defecating. 

2 p. m., and from that'time a gradual rise. The vaginal curve is lower 
than the rectal and runs almost parallel mth it, not meeting it at any 
point. 

The highe^ rectal temperature obtained was 102.4'^ F. at 5.30 p. m., 
while the lowest was 101.6° at 2 p. m. The highest vaginal temperature 
obtained'was ioi.9°'at 5.30 p. m., while the lowest was 101.5° at 2 p.^m. 
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OBSERVATIONS ON DECEMBER 3, 1919, WITH COW 885 

Reading's of the rectal and vaginal temperatures were taken at approxi¬ 
mately i-hour intervals from 8.20 a. m. to 11.12 a. m. and from 1.38 p. m, 
to 448 p. m. The rectal and vaginal temperatures were measured at 
the same time with the two thermometers interchanged—that is, the 
one used m figure 7 for the rectum w^as used here for the vagina, and vice 
versa. At 8.05 a. m. the cow drank 22 kgm. of water at 55® F. The 
cow was standing during all observations. At 9 a. m. and 10.12 a. m. 
the readings were taken immediately after defecation. The results are 
given in figure 8. 

The curves show' a marked fall in temperature after the watering. 
The vaginal is lower than the rectal curve and runs parallel with it. 

The highest rectal temperature obtained was 101.9^ F. at 245 p. m., 
while the lowest was 100.7® at 9 a. m. The highest vaginal temperature 



Rig. 8.— Variations in body temperature of cow 88s on December 3* 1919, 8.20 a. m. to 4.4S p. m. At 
8 05 a. m. drank 22 kgm. of water at 55“ F.; 9 a m. immediately after defecating; lo.xa a. m. immediately 
after defecating; cow standing dunng all observations. . 


obtained was 101.5° 2.45 p. m. and 3.30 p. m., while the low'est was 

100.3 at 9 a. m. 


OBSERVATIONS ON DECEMBER 4, 1919, WITH COW 885 


Observations on the rectal and vaginal temperatures were made at 
approjcimately i-hour intervals from 8 a. m. to 11.36 a. m. and from 1.42 
p. m. to 5.30 p. m. The rectal and vaginal temperatures were measured 
at the same time fay the two thermometers as on December 3. At 
about 8 a. m. the cow was offered water, but she refused to drink. At 
10.54 a- the cow was lying; during all other observations she was 
siding. At 9.12 a. m. and 4.45 p. m. the readings were taken 

aftdf defs^satiem. From 5 p. m. to 5.30 p. m. the cow!^^ eating. 
The resnits atte represented by figure g. ' 

The curv^ show irtegulaitty for the first three hom but are much 


smoother for the rest ©f the day. me^Siig rach diher at the 
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The highest rectal temperature obtained was 102.2° F, at 5.30 p. m., 
while the lowest was 101.6° at 8 a. m. The highest vaginal temperature 
obtained was 101.8° at 5.30 p. m., while the lowest was 101,2° at 9.12 
a, m., 11.36 a. m., and 1.42 p. m. 

OBSERVATIONS ON DECEMBER $, 1919, WITH COW 8S5 

Readings of the rectal and vaginal temperatures were taken at approxi¬ 
mately I-hour mter\^als from 7.57 a. m. to 11.30 a. m. and' from 1.48 
p. m. to 5.30 p. m. The rectal and vaginal temperatures were measured 
at the same time by the two thermometers as on December 2. At 
8.10 a. m. the cow drank 23 kgm. of water at 54° F. The cow was stand¬ 
ing during all the readings, except at 9.30 a, m. The readings at 7.57 
a. m., 8.45 a. m., 10.42 a. m., and 5.30 p. m. were taken immediately 
after defecation. From 5 p. m. to 5.30 p. m. the cow was eating. The 
results are represented b}’' figure 10. 



Eig, 9,—Variations in body temperature of cow 8Ss on December 4, igxg, 8 a. m. to s-30 p. xa* Cow drank 
no water; S a. m. immediately after defecating, standing; 9.12 a, m. immediately after d^ecating, stand¬ 
ing; io.S4a.m. lymg; 11.36 a. m, to 5.30 p.m. standing; 4-45 P-immediately after defecating; 5 p. m. 

„ to S.30 p.'m. eating. 

The curves show a striking resemblance to those in figure 6, showing 
in about the same way the effect of water drunk, the rise in temperature 
in the afternoon, as well as the relative positions of the vaginal and 
rectal curves. 

The liighest rectal temperature obtained was 102° F. at 5.30 p. m., 
while the lowest w^as 1004° from 8.45 a, m, to^ 8.56 a. m.;, The highest, 
vaginal temperature obtained was 101.6° at 5.30 p. m., while the lowest 
was 99.9° at 8.56 a. m.' 

G: 1 ^NERAX, conclusions, with, regard'to the VARIATrONS IN BODY TEM¬ 
PERATURE EROM ABOUT 7 . 30 ' A. ■¥.' tO ABOUT 5.3O P. M. 

All the foregoing observations indicate that, in cows, the vaginal 
temperature is ^decidedly lower'than the rectal, when'measured at the 
same depth of 7 inches, while a trend toward parallelism between the two 
is also apparmt Ais can' be,^^'at least partially, explained by the fact 
that the vagina is more exposed to.^tjh^ outside atmosphere is'tto 
rectum.''For" determinations,"Of ■.■■'the: averagebody temperature 
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rectum, therefore, is to be preferred to the vagina as a place for inserting 
the thermometer. 

A fall in temperature invariably follows the drinking of water. This 
fall varies with the quantity of water drunk. Consequently, the first 
two or three hours after watering do not afford a good time for compara¬ 
tive determinations of body temperature. 

After the body has overcome the effect of the water, the temperature 
appears quite uniform for about three hours, after which there is a gradual 
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Fig. 10.—Variations in body temperature of cow S85 on December 5,1919, 7.57 a. m. to 5.30 p. m. At 7.57 
a. m. immediately after defecating, standing; 8.10 a. m. drank 23 kgm. at 54* F.; 8.4s a. m. immediately 
after defecating; 9.30 a, ra. lying; 10.42 a. m. immediately after defecating, standing; 5 p. m. to 5.30 
p. m. eating; 5.30 p. m. imm^iately after defecating. 


rise which reaches its maximum at about 5.30 p. m. The accelerated 
rise, however, from 5 p. m. to 5.30 p. m. may be due to the eating. 

Since the exact time when the animal changed its position was not 
recorded during these observations, no definite conclusions can be drawn 
as to what effect the position of the animal has on the body temperature. 

The act of defecation did not produce any noticeable effect. 

The highest rectal temperature obtained during this series of observa¬ 
tions was 102.4° T. at 5.30 p. m. (fig. 7). The lowest rectal temperature 
was 100,2° at 10.12 a. m. (fig. 6). The highest vaginal temperature 
obtained was 102° at 2.57 p. m,, 5*20 p. m. (fig. 2), and 5.24 p. m. (fig. 5), 
while the lowest was 99.9° at S.56 a. m. (fig, 10). 

observations on thb thermal gradient 


Recent investigations on the body temperature of man^. and other 
animals^' show that variations in body temperature depend to a very 
great extent on the depth to which the thermometer is inserted^ and that 
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the thermal gradient rises sharply for the first' few Centimeters beneath 
the surface of the skin and soon reaches a point beyond which the body 
temperature is not materially increased. To reach this point in man^ 
and in the guinea pig ^ 6 or 7 cm. were found to be sufficient. The follow¬ 
ing observations were made with the view 
of testing out these findings on cows. 

OBS^JRVATIONS ON THBRMAI, GRADIBNT, WITH COW 
886 ON nncEMBUS; 5, 1919, 2.09 P. M. TO 3.18 P. M. 

Observations on the rectal and vaginal tem¬ 
peratures were made simultaneously with the 
two thermometers. The thermometers were 
first inserted 4 inches deep, then 5 inches, then 
7 inches, then 6 inches, and finally again 7 
inches. The results are represented by figure 
II, and the actual temperature observations, the time, and the insertions 
are given in Table I. 

TastB 1 .'—Thermal gradient observations 



Pig. II.—Observatioas on thermal 
gradient with cow 8S6 on December 
5 ? 19^9. 3«09 P* in. to 3.18 p. m. 


Time. 

Rectal 

temperature. 

Vagmal 

temperature 

Depth 

inserted. 


^ F . 

“F. 

Inches . 

2.09 p, m... 

100. 7 

loi. 0 

4 

2.12 p. m... 

loi. 0 

loi. 2 

s 

2.15 p. m.. . 

‘ loi. 5 

loi. s 

7 

2.24 p. m.,. 

‘ loi. s 

loi. s 

6 

3.18 p. m... 

loi- S 


^ 7 


The results show that at a depth of 4 inches the rectal temperature 
was T, lower than at a depth of either 6 or 7 inches, while it was 
only 0.3° lower than at a depth of 5 inches. The vaginal temperature 
was 0.2° lower at a depth of 4 inches than at a depth of 5 inches and 0.5® 
lower than at a depth of either 6 or 7 inches. There was no rise in tem¬ 
perature between 6 and 7 inches—that is, the maximum body tempera¬ 
ture was* reached in this case when the thermometer was inserted 6 or 7 
inches into the rectum or the vagina. Up to a depth of 6 inches the 
vaginal curve appears higher than the rectal. 

observations on thermal gradient, with cow 8S6,,0N DECEMBER 5, I919, 3.25 

P. M. TO 3'.42 ,P. M. . ■ ' " 

Readings of the rectal and vaginal temperatures were taken simul¬ 
taneously as before. The' thermbfiieters. were first inserted 6 inches deep, 
then 5 inches, then 4 inches, and finally 7 inches. The results are repre¬ 
sented by figure 12, and the actual temperature observations; the time 
and th^jiu^rtions are given in Table 

Wattds'b.,'aad'S lack, Edgar F.' OF. CET. ■ ■, ; ^ Jj ■*! i 

AleiEstader.' OF.>ax. . . , ' 
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Tablb II .—Thcimal gradient ohscrvattons 


Time. 

Rectal 

temperature 

Vaginal 

temperature. 

Depth 

inserted. 

3.25P, m... 
3.30p. m,.. 
3.36p. m.. 
3.42 p. m... 

“F. 

loi. 4 

loi. 2 

100. s 

101. 6 

“F. 
loi. 5 
xoi. 5 
lol, 2 
loi. 6 

Inches. 

6 

5 

4 

7 


The results show a very rapid rise between 4 and 5 inches, while beyond 
that point the rise is much slower. In this case there was a slight rise 
in temperature from 6 to 7 inches. However, it is very likely that this 
rise is due not to this diflference in depth but to the difference in time, 

since there was an interval of 17 minutes 
between the two readings and the tendency 
of the body temperature is to rise in the 
afternoon. The vaginal curve is higher 
than the rectal, but they meet at a depth 
of 7 inches. 

OBSERVAtlONS ON THBRMAI< GRADIENT WITH COV/ 
88s DECEMBER 5, 1919, 4 P, M. TO 4.18P. M. 

Readings of the rectal and vaginal tem¬ 
peratures were taken simultaneously by the 
two thermometers as before. The ther¬ 
mometers were inserted first 6 inches deep, 
then 7 inches, then 4 inches, and finally 5 inches. The results are 
represented by figure 13, and the actual temperature observatioUvS, the 
time, and the insertions are given in Table HI. 


TabtE in .—Thermal gradient observations 


Time. 

Rectal 

temperature. 

Vaginal 

temperature. 

Depth 

inserted. 

4.C)Op,m.......j 

‘'F. 
loi. 7 
loi, 8 
lOI. 4 
loi. 5 

"F. 
101.3 
lOI. 4 
lOI, 0 

lOI. 2 

Inches^ 

6 

7 

4 

5 

4.03 p. ni.. 

4.10 p. in. 

4.18 p. m. 






Fig. 12.—Observations on themial 
gradient with cow 886 on December 
S» 1919,3.25 p. ta. to 3.42 p. m. 


The results show a very gradual rise from 4 inches to 7 inches, the 
difference being only 0.4° F. The order in which the readings were 
taken is significant in showing that despite the tendency o£ the body 
temperature to rise; at this time of the day, the 4* an^ insertions 
which followed the and y-'iadj insertions show a lowef temperature 
than the latter. The vaginal curve is in this case lower than the recMl 
and is parallel with it. ' » 
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OBSERVATIONS ON THERMAL GRADIENT WITH COW 886 ON DECEMBER 5, 1919, 

4.24 P. M. TO 4.42 P. M. 

Observations on the rectal and vaginal temperatures were made 
simultaneously by means of the' two thermometers as before. The 
thermometers were first inserted 7 inches deep^ then 6 inches, then 5 
inches, and finally 4 inches. The results are represented by figure' 14, 
and the actual temperature observations, the time, and the insertions 
are given in Table IV. 


Table .—Thermal gradient observations 


Time. 

Rectal 

temperature. 

Vaginal 

temperature. 

, Depth 
inserted. 



“F. 

Inches. 

4.24p. m . 

loi. S 

loi. 6 

1 

4 . 3 op.m. 

loi. 8 

loi. 6 

6 

4 - 36 p.£n. 

loi. 7 

101, 5 

5 

4.42p. ra... 

loi. 5 

loi. 2 

4 

4,48 p, SB. 

1 102.0 1 

1 

loi. 6 ' 

7 


The results show a more rapid rise in temperature from a depth of 
4 to 5 inches than from 5 to 6 inches. There is no change in temperature 
from a depth of 6 to a depth of 7 inches, thus indicating that the maximum 



Fio. 13 .—Observations on thermal Big. 14 .—Observations on thermal 

gmcHent with <W3W 88 s oa Bec^ giadient with cow 8 S 6 on Decembea: 

5 , 19 x 9 , 4 p. m, to 4,18 p. m. St 4*24 p.in, t 0 4 . 4 a p. m. 


temperature was in this case reached at a depth of 6 inches. The rid¬ 
ing at 4.48 p. m. is given in the table to show the effect of the time of 
day. "The vaginal curve is lower than the rectal and is parallel/with it. 

G:ENERAn coNcntJsroNS with, .regard to THE\THER^.Aif, gradient 


a consideration of the results given above it is apparent that 
the thermal gradient between the temperattire at a depth of 4 inches 
and' at a "depth'bf'6/ inches. iS''notiecablie," while, there' is no. material change 
between a'depth'of ’d'inches and' a'depth of 7 inches. It may be con- 
clhded,'’thetefore,''that''at''a’’depthmf'7 in^ the body temperature is 
essentially at its maximum. This does not show, of course, that the 
.temperature may not be actually,'higher'in some other parts of the_bod3/^, 
'''n^bere there is a 'speci'fic'.'inetabblic activi'ty, but it does show^tbafit is 
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mticli safer in the determinations of the average body temperattire of 
a cow to insert the thermometer to a depth of 7 inches than to a depth 
of 4 or 5 inches. 

The fact that the vaginal curve below 6 or 7 inches is in some cases 
higher than the rectal (fig. ii, 12) and in some cases lower (fig. 13, 14) 
illustrates the inconstancy of the temperature when measured at a 
depth below 6 inches, 

VARIATIONS IN BODY TRMPRRATURn FROM ABOUT 5 P. M. TO ABOUT 7 P. M. 

The purpose of making temperature observations from about 5 p. m. 
to about 7 p. m. is twofold: Tirst, to study the effect of the feed on the 
body temperature and, second, to get some idea as to the temperature 
fluctuations at 6 p. m., the time representing the beginning as well as 



Pig. xs —Variations in body temperature of cow 886 on December 9, 1919, 5 10 p m to 6.54 p. m, Frcwm 
5 p, m. to 5 4a p. m. eating; 6.18 p, m. to 6 54 p. m, lying 

the end of experimental periods in the respiration calorimeter experi¬ 
ments at the Institute. 

onspRVAnoNs on dpcembpr 9, 1919, with cow 886 

Observations on the rectal and vagina! temperatures were made at 
approximately i5>minute intervals from 5.10 p. m, to 6.54 p. m. The 
cow was eating from 5 p. m. to 5,42 p. m. From 6.18 p. m* to 6*54 
p. ra. she was lying. The results are represented by figure 15. 

The curves show a slight rise in temperature from 5.10 p. m* to 5.25 
p. m., followed by a gradual fall till 6 p. m. After 6 p. m. the rectal 
curve again shows a rise till 6.18 p. m., followed by a gradual drop till 
6.54 p. m., when it meets the vaginal curve. The vaginal curve is lower 
than the rectal and is parallel with it only till 6 p. m. 

OBS^VATIONS ON DECEMBER lO, 1919, WITH COW 886 

Readings of the rectal and vaginal temperatures were taken at approxi¬ 
mately 13-inlnute intervals from 5 p. m. to 6.30 p. m. From 5 p, m. 
to 5.36 p. m, the oow wUs The riding at s p. m, was tafceh im¬ 

mediately after defec^ttiom The cuw lying from d.03 th, W 6*30 
p. m. The results are givett in figtnt i. 
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'The curves show, in general, a slight and^ gradual drop. It should be 
noted that the initial temperature—that is, the temperature at 5 p. m.— 
was rather high. ' 



Fig. 16,—Variations in body temperature of cow 886 on December lo, 1919, s p. la. to 6.30 p. m. From $ 
p. m. to 5.36 P* ni. eating; 5 p, m. immediately after defecating; 6-03 p. m. to 6.30 p, m. lying. 

OBSERVATIONS ON DECEMBER II, I919, WITH COW 886 

Readings of the rectal and vaginal temperatures were taken at approxi¬ 
mately 15-minute intervals from 4.52 p. m. to 6.36 p. m. From 5 p. m. 
to 5.48 p. m. the cow was eating. From 6.21 p. m. to 6.36 p. m. she 
was lying. The results are represented by figure 17, 



Fig. ly.—Variations in body temperature of cow 886 on December ii, 19x9,4.53 p. m. to 6.36 p. m. From 
5 p. m. to 5.4S p. m. eating; 6.31 p, m. to 6.36 p. m. lying. 

The curves show a gradual rise in temperature till 5.30 p. m., foUowed 
by a fall which is continuous in the vaginal temperature but is inter¬ 
rupted by a very slight rise in the rectal temperature at 6.21 p. m., the 
tpie the cow lay down. The two curves are nearly parallel. 


imC .. • ' 

FiG.- ,x8,'--yar^^bt|s iatiody'^empeiature' 'pf Pv6,57 p. m. From s 

'bbservations on thcTecSnl^te^pCra^^^ were made at about 15-mintite 
intervals from 5 p. ni. to 6.57 p. m. From 5 p. m. to 5.30 p. ni. the cow 
wns enting. Prom 6.15 'p. m. to 6. 57 p. m, she was lying. The results' 
ate given in figure 18,, /' >r/\ 

2 , V, T t 1 ,/r 'fl' / 
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The curve shows, in general, a gradual rise till 6.15 p. m., the time the 
cow lay down, follo^ved by a slight and gradual drop, 

OBSERVATIONS ON DECEMBER I 4 » ^WTH COW 886 

Observations on the rectal temperature were made at approximately 
15-mmute intervals from 5.06 p, m. to 6,21 p, m. From 5 p. m. to 5.36 
p. m the cow was eating. From 5.50 p. m. to 6.21 p, m. she was lying. 
The results are represented by figure 19. 

OBSERVATIONS ON JANUARY 12, 1920, WITH COW 886 

Readings of the rectal temperature were taken at 15-minute intervals 
from 5 p. m. to 6 p. m. The cow was eating from 5 p. m. to 6 p. m. The 
results are given in figure 20. 

The curve shows, in general, a gradual rise from 5 p. m. to 6 p. m. It 
should be mentioned that the cow received a supermaintenance ration at 
this date and that she spent the whole hour from 5 p. m. to 6 p. m. in 
eating, 

OBSERVATIONS ON DECEMBER II, I919, WITH COW 88$ 

Readings of the lectal and vaginal temperatures were taken at approx- 
imately 15-mmute intervals from 5 p. m. to 6. 30 p. m. From 5 p. m. to 
542 p. m. the cow was eating. The reading at 5 p. m. was taken immedi¬ 
ately after defecation. At 6.15 p. m. the cow defecated and pushed out 
the thermometer. The readings taken then and also immediately after 
defecation corresponded with each other. The cow was standing all the 
time. The results are given in figure 21. 

The rectal curve shows a gradual rise in temperature till 5.42 p. m., 
the time the cow was through eating, followed by a slight fall in tempera¬ 
ture till 6.15 p. m., followed again by a rise. The vaginal curve is much 
lower than the rectal. 


OBSERVATIONS ON DECEMBER I3, 1919, WITH COW 88$ 

Readings of the redtal temperature were at apf^rpklhmtdy 
minute intervals from 5.12 p. m. to 7 p. m. From 5 p, m. to S4S P* tu. 
the cow was eating. From 6.35 p. m. to 7 p, m. she was lytag. The 
results are represented by figure 22. 

The curve is, in a general way, similar to the rectal curve in figure at. 


OBSERVATIONS ON DECEMBER X 4 , 1919, WITH COW 885 


Observations on the rectal temperature were made at approximately 
15-minut^ kt^rtrnls from 5,18 p. m. to 6.12 p. m. From 5 p. m. to 5.35 
p. m. the ,boyr The cow was up all the time* , The results 


are given hr 
The 
p. m. to 



is, the. tether mpli' 


f from $49 
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Fig» 19,*—Variations in body temperature of cow 886 on December 14, 1919, 5,06 p. m. to 6.ai p.m* 
From 5 p. m. to 5.36 p. m. eating; 5^50 P. ni. to 6.21 p. m. lying. 





Fig. 20.—Variations in body temperature of cow 886 on January X2,1920,5 p. m. to 6 p. m. Fmm s p.m. 

to 6 p. m. eating. 



, , ^ . 

Fig. a I,—Variations in body temperature of cow 885 on December ii» 1919, 5 p. m. to 6.30 p. m. From $ 
p* m. to s-42 p. m. eating; s p, m, immediately after d^ecating; 6.15 p. m. iminediately before and after 
defecating; cow standing aU the time. 





Fg* aair"V«riatiows in' body'temperature' Gf’'cnw;^S^etti''Decentte 13. s.ra'to f P 4 'tii*' ■FotririS'p. A 

'V;;;;;'-;,:'to's.3SP-'«-eating;;;6.3'5:p,.nn to 7p.'m.dy^^'i. 







20 


Journal of Agricultural Research 


VoL XXI, No. 1 


OBSERVATIONS ON JANUARY 4, 1920, WITH COW 885 

Observations on the rectal temperature were made at approximately 
15-mintite ixiter\^als from 5 p. m. to 5.55 p. m. From 5 p, m. to 5.36 
p. m. the cow was eating. The cow was up all the time. The results 
are represented by'figure 24. 

OBSERVATIONS ON JANUARY 4, I920, WITH COW 886 

Readings of the rectal temperature were made at 15-minute interrmls 
from 5 p. m. to 6 p. m. The cow was not fed till 6 p. m. and was standing 
all the time. The results are represented by figure 25. 

The peculiar feature of the curve is the fall in temperature till 5.30 
p. m., followed by a rise from 5.30 p. m. to 6 p. m. 

OBSERVATIONS ON MARCH 20, I920, WITH COW 886 

Two readings of the rectal temperature were taken between 5 p. m, 
to 6.25 p, m. The cow was not fed till 6.25 p. m. and was standing all the 
time. 'The results are given in figure 26. 

The curve does mot show any material change in temperature from 
5.15 p. m. to 6,25 p. m. 

OBSERVATIONS ON JANUARY 12, 1920, WITH COW 885 

Readings of the rectal temperature were taken at approximately 20- 
minute intervals from 5 p. m. to 6.04 p. m. The cow was not fed till 
6 p. m. and was standing all the time. The results are given in fig¬ 
ure 27. 

OBSERVATIONS ON FEBRUARY l6, I920, WITH COW 885 

Readings of the rectal temperature were taken at half-hour intervals 
from 5 p. m. to 6 p> m. The cow was not fed till 6 p. m. and was standing 
all the time. The results are given in figure 28. 

The curve shows a fall in temperature from 5 p, m. to 5,30 p, m, 

GENERAL CONCLUSIONS WITH . REGARD ■ TO THE VARIATIONS' IN BODY 
TE'MPERATURE EROM" ABOUT 5 P. 'M'. 'TO AB'OUT f P*' M., ^ 

A comparison of the temperature curves obtained when the cow was 
fed at 5 p. m. with those obtained when the cow was not fed till 6 p. m, 
shows, in, general, that when the cow^ was'fed':at 5 p/ m. there was a 
slight rise in temperature till about 5.30 p. m., followed by a slight fall. 
This rise from 5 p. m. till 5.30 p. m, has been noted in previous observa- 
tions"(fig,^ 2, 5,'7'*, 9, io),%hen the cows were fed at 5 p. m. When, ho'w- 
ever, the cow^was not,Ted till 6 p.,'m.,>the temperature''in most 'cases 
not,only did not rise from 5 p. m, to 5.30 p. m., but instead .dropped 
slightly.'''' ^ This ;tlib' bnd;^:; tempera-' 

ture slightly 

ration. : , ' : ' , b': 
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Fsg. a4.--“Variationsi s body temperattire of cow 88$ on January 4, 2920,5 p. tn. to 5.55 p* m. From s p. m. 
to 5.36 p. m. eating; cow standing all the time. 




Fiq. 37.—:yaTiatioiis^ia body, temperature 'of 'Cow 885 on January 12,1920, s p- m,. to 1S.04 p.'nt. ,Cow not 
fed till 6 p, m.; standing all the time. 


Fig. 



aS.-^Vadatmm m body temperatuie of cow 885 on F<^ruary X93Q, 5 p. m. to 6 p. m. 
fed till 6 p. m'.; standing airtbe time. 


Cow not 
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The subsequent fall in temperature can be ascribed partly to the fact 
that the temperature of the feed is lower than that of the body, thus 
^nding to lower somewhat the temperature of the latter, and partly 
to the natural tendency of the, body temperature to drop after a stimu¬ 
lated rise. 

The act of defecation did not produce any effect. 

The highest rectal temperature obtained during these observations 
was 102.4^ F. (fig. 16), while the lowest was 101.2'^ (fig. 28). The 
highest vaginal temperature obtained was 102^^, while the lowest was 

lOI.^ 

The rectal temperature at 6 p. m. fluctuates in all cases, except in 
one (fig, 28), bet'ween 101.5° and 102° F. 

OBSERVATIONS ON THE EFFECT OF CHANGE IN POSITION ON BODY TEM¬ 
PERATURE 


It is an established fact that an animal produces more heat when 
standing than when lying. This being the case, one might, therefore, 





Fsq. a9.—Temperature curve of cow 886 for January s, i^ao, 8.20 p. m. to s p. m., including effects erf 
change in position. At 8.20 a. m. lying; 8.40 a. m. drank 13.6 kgm. of water at 50“ F.; 9 a. m. just 
lay down; 9 a. m. to 20.30 a. m. lying; 20.32 a. m. forced to get up; 10.50 a. m. immediately before 
defecating; 20.54 in., immediately alter defecating; 11.06 a. m. lying since 10.57 a. m.; 11.15 a. m, 
'still lying; 11.24 a. m. up since n.ao a. m.; 11.36 a. m. still up; a p. m. just lay down; 3.0a' p. m* forced 
to get up; 2.06 p. m, up since 2.02 p. m-; 2.24 p. m* down since a.ao p. m.; 4.45 p. m. down since 4 
p. m.; 4.48 p. m, forced to get up; 5 p, m. immediately after defecating, 

expect some changes in the temperature of the body when the animal 
changes its position. Although the position of the animal was noted 
in the previous observations, the changes were not frequent enough to 
show any effect. The following observations were made chiefly with 
the view of studying the possible effects on the body temperature that 
may arise from a forced or voluntary change in position* 

. Figtire''29^ represmts observations made on the rectal temperature of 
coW'^SSd;on, January: 5,,;i92o, from 8.20 a* m. to 5 p* m. 

The most striking features of the curve are the sudden fluctuations 
between 10.50 a. m. and 11.24 between 2 p. m. and 2.20 p* m. 

,,;'Jhe aqc^erated^^:#^^^ water) fromTb.57: a. 
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to 11.15 a. m. in the former case appear to be due largely to a change 
from a standing to a lying position, while the subsequent sudden rise at 
11.24 a. m. is apparently due largely to the change from' a lying' to a 



Pig. 30.—Temperature curve of cow 886 for January 13, January 15, 1920, 3.30 p. ra. 

1920, 2 p. m. to 4.2 a p. m., including effects of change in tosp-m-, including effects of change 

position. Prom 2 p. in. to 3.20 p. m. forced to get np; in position. At 3.30 p. m. lying; 

3,22 p. m. immediately after defecating, urinating with 3-32 P. m. forced to get up; 3.40 p. 

thermometer in rectum; 3.52 p. m. lying since 3.48 p, 3 P* standing; 4,15 p. m. 

m.; 4.16 p. m, just got up; 4.22 p,m. stiff up. urinated with thermometer in rec¬ 

tum. 

standing position. In the second case the sudden rise from 2 p. m. to 
2.06 p. m. appears to be due to the change from a lying to a standing 
position, while the subsequent drop at 2.24 p. m. apparently represents 



3#.--Tcmpeiature curve of cow 886 on January 30,1920, 2 p. m. to 4.50 p. m., including effects ol 
change in petition. At a p. m, lying; a.43 p. m, to 4.50 p. m. standing. 

the effect of the change from the standing to a l3dng position and also 
perhaps the tendency for the body temperature to come back to normal. 
It should be noted that in both cases the effect is not lasting. 



^^.--Temperature .curve of' cow, 886, on l^ehruaary 16,1920/2.15 p. ui. to s p. in.» including effects of 
posiUon.' 'Prom'a.xs p.'m. to 5 p. m. standing, ' 

A careful study of figures 30 to 35 reveals that, in general, the posi¬ 
tion of the aiupial hardly affects the normal course of the fiuctuatiom * 
of its body temperature, for, while the fluctuations were considerable 
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and rather irregular at the time when the cow did not change her posi¬ 
tion (fig. 31, 32, 35), the temperature remained fairly uniform when 
the position was changed (fig. 32 and especially fig. 34). 

DAII.Y VARIATIONS IN BODY TEMPERATURE MEASURED AT 5 P. M. 

Inasmuch as at the Institute of Animal Nutrition the determinations 
of the heat produced by cows by means of the respiration calorimeter 
are made during a period of 24 or 48 hours, it appears that a knowledge 
of the daily variations in the body temperature at exactly the same time 
of the day, corresponding to the beginning and the end of the period, is 
most essential, as far as those experiments are concerned. That the 
body temperature of the same animal varies from day to day and from 
hour to hour has been shown by most of the foregoing observations, 
even by those made during the time when there was no influence of 
water or feed (fig. 25-2S). To study the extent of the daily fluctuations 
in body temperature determined at exactly the same time of the day was 
the object of the next series of observations. To avoid any effect of 
water drunk or of feed, the observations were made just before feeding 
^ at exactly 5 p.^ m.. 

Figures 36 to 38 represent the temperatures of cow 886 measured at 
5 p. m. for the days there indicated. 

All these curves resemble each other very much, showing considerable 
fluctuations. In figure 36 the lowest temperature is 101.6^ F,, while the 
highest is 102.4°. In figure 37 the lowest temperature is xox .4®, while the 
highest is 102^. In figure 38 the lowest temperature is 101.7°, while 
the highest is 102.2°., 

Figures 39 to 41 represent the temperatures of cow 885 measured at 
5 p. m. for the days there indicated. 

These three cuiwes resemble each other very much, but they are differ¬ 
ent from the three preceding curves of cow 886 in that they show much 
less variation. The lowest temperature in figure 39 is 101.6° F,, while the 
highest is 101.9°. figure 40 the lowest temperature is iox.8°, while 
the highest is 101.9°. In figure 41 the lowest temperature is 101.5°, 
while the highest is 101.8°. 

general conclusions with REGARD TO THE DAILY VARIATIONS IN 
TEMPERATURE AT 5 

The foregoing observations show that daily fluctuations in body tern- 
^ perature''depend. tO'a; lafge ^fextent on the individuality of the cow. It 
is, therefore, not safe to assume in every case that the body tempera- 
ture 6f hour'of the dayr^'^en under normal 

conditions.',, ,,, ^ 

'teal "'(886)' 
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Fig. 34.-“Temp€rattire curve of cow 885 for January 13,1920, a.o6 p, m. to 4.06 p. m., including eSects 
of ciiaage in position. At 2,06 p. m. standing; 2.36 p. m. standing; 3,04 p. m. down since 2.48 p. m.; 
3.30 p. m, still down; 3.42 p. m. up since 3.38 p. m.; 4.06 p, m. still up. 
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consecutive days are quite common, and greater ones are possible even 
under identical conditions. 

BMny VARIATIONS IN BODY TEMPERATURE MEASURED AT 8 A. M., I.30 
P. M., AND AT . 9 A. M., RESPECTIVEEY, EOR SEVERAL CONSECUTIVE 
DAYS 

It has been shown by the very first observations (fig. what 

effect the water drunk under the conditions of the experiment has on 



ty/?M 

Pig. 39 .—^Temperature curve of cow 88 s for December 30 , 1919 , to January s, 1920 * S P* rot. 


the body temperature—that if water is drunk in considerable quantity 
the fall in temperature is very marked, and this effect may last more 
than three hours, but that after this effect is overcome the temperature 



Pig. 40.—Temperature curve of cow Fig. 41.—Temperature curve of cow SSs for March a to 

88s for January 37 to January 31, March 8, 1920, s p. m. 

X920, s p. m. 


remains quite uniform for about the next three hours. It would there¬ 
fore perhaps be interesting to see a graphic representation of the tem¬ 
perature changes for several days when measured, first, before watering, 



110 . 4 a.—Teapetatuie curve of cow 88(5 for De- Fig. 43 .—Tempeiatare curve of cow 886 for De¬ 
cember I to December 3,1919, 8 ft. m., before cember i to December 5,1919, r.30 p. m. 

wateiing:., 


second, when the effect of the water has been overcome, and, third, 
about an hour after watering. Accordingly, the respective tempera¬ 
tures observed during the first few days of the experiment (fig. i-io), 
r at 8^a, by figures'^: to,46.,. 

Figures; 42 and ccwi8S6 .at 

;.andati. 3 o.p,A.i:Asp^C#i||^^ 1919. 
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Figures 44 and 45 represent the temperatures of cow 885 at 8 a. m. 
and at 1.30'p. m., respectively, for December i to December 5, 1919* In 
figure 44 the temperature for December 3 is omitted because the obser¬ 
vations did not begin till 8.20 a. m. that day. 

On comparing these cur\'es (fig, 42-45) with those obtained at 5 p, m, 
for the two cows (fig. 36-41) it is observed that while the temperature 



Fig. 44.—'Tempemtme curve of cow 885 Fig. 45.-~r‘empmture curve of cow 885 for De¬ 
fer December x to December 5, 19x9, 8 cember x to December s, 1919, 1.30 p. m. 

a. m., before watering. 


of cow 886 at 5 p. m. fluctuated to a large extent from aay co day, ner 
body temperature at 8 a. m. or at 1.30 p. m. varied relatively little. On 
the other hand, the temperature of cow 885, which is very uniform at 5 
p. m., varies considerably more at 8 a. m. or at 1.30 p. m. These differ- 



Fig. 46.-- temperature curve of cow 885^ for^ December x -to December 5,1919, 9 a. m., showing the effect of 
water. ^ On December i cow drank '39.4, kgm. at g.30' a. m, On December 2 she refused to drink. On 
Decembers she dimak;i9'kgm, nt 8.05 '-a. -ta." "On December '4 she'refused to drink. On December s she 
drank 23 Icgm. at 8,10 a, m. ' 

ences, apparently due to the individuality of the cow, can not be 
explained;, 

Figure 46, representing the temperatures of cow 885 at 9 a. m. for 
December i to December'3, i9’i9;',shows;''ve^ry strikingly tli^ pc^bfe 
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differences in bod}" temperature when measured at exactly the same time 
of the day but under the influence of the water drunk. 

SUMMARY OF RESULTS 

The, several series of temperature observations on two dry cows lead 
to the following conclusions: 

(1) The rectal temperature is .higher than the vaginal when measured 
at the same depth of 7 inches, showing an average excess of about 
0.3F. The relative values, however, vary under different conditions 
but show a trend toward parallelism. 

(2) A fall in temperature invariably follows the drinking of water. 
This fall varies directly with the quantity of water drunk. After the 
effect of the water drunk in the morning has been overcome, the tem¬ 
perature remains fairly constant till about 2.30 p. m. When no water 
is drunk, the temperature is practically constant in the morning and 
in the afternoon till about 2.30 p. m. 

(3) There is a gradual rise in temperature in the afternoon from about 
2.30.p.m. to about 5 p. m. 

(4) Eating of feed raises the body temperature slightly for about . K 
hour when the co'ws receive a maintenance ration. 

(5) The temperature of the rectum or vagina is decidedly higher 
when measured as a depth of 6 or 7 inches than at a depth of 4 or 5 
inches, thus indicating a temperature gradient. 

(6) There is no material change in temperature between a depth of 
6 inches and a depth of 7 inches, whereas there is a distinct difference 
in temperature between a depth of 4 inches and a depth of 6 inches, 
thus showing the unreliability of measuring the temperature at a depth 
of less than 6 inches. 

(7) The position of the animal has hardly any effect on the body 

temperature, but there is some indication that the temperature is slightly 
affected when measured shortly after the change in position has been 
made (fig, 29). ^ , 

(8) There is no difference in temperature when measured before or 
after defecation. 

(9) Daily fluctuations in body temperature depend to a great extent 
on the individuality of the cow. 

,, (10), A variation of 0.8° F. in the rectal temperature of, the same 
animal was observed, when measured at the same' time of the day under 
identical conditions and outside the influence of water or feed (fig. 36), 
while under the influence of water a difference of 1.3® was observed in 
Two^consecutive;,days;.measured at the same time of the, day (fig.4^)'* ■ 



EFFECT OF TIME OF IRRIGATION ON EERNEE DEVEE- 
OPMENT OF BAREEY 

By Haery Agronomist inCJmrge of Barley Investigations^ and STEPHEN 

A'NTBiQ'i^Y, formerly Assistant y Office of Cereal Investigations j Bureau of Plant Industry^ 
United States Department of Agriculhire 

The studies of kernel development of barley made at Aberdeen, Idaho,^ 
in 1915 and 1916, and previously reported,^ gave such satisfactory results 
that in 1917 an attempt v/as made to use this method of inquiry in a 
study of the effect of irrigation water. It is the common practice in 
irrigated districts so to arrange the applications of water that the last 
irrigation is given a considerable time before maturity, usually shortly 
after flowering. This, of course, is to prevent lodging, for as the weight 
df the grain increases, the chances of lodging are increased. There is 
also a widespread belief that during the later stages of ripening little 
absorption from the soil solution takes place and that the finak matura¬ 
tion of the kernel can take place in the shock as well as before cutting. 
This latter belief was not substantiated in the work of 1915 and 1916, 
but there seemed to be no definite information as to how late in its 
growth period the plant could use water or just what occurred when 
a plant suffered from lack of water. 

Although it was hoped that some information could be gained on the 
general response to applications of water, the effect of delayed irrigation 
was made the primary object of the experiment. The factors affected by 
irrigation are so numerous and so involved that the final statement of 
yield per acre does not afford much basis for interpretation. . While the 
method used may not show any direct relation to yield, it does show 
tho effect on kernel development. The development of the individual 
ketnefe is one of the three factors of yield, the other two being the number 
of kernels per spike and the number of spikes per unit area. The period 
during which the quantity of water or the application of water affects 
the size of the kernel is worth determining. Knowledge of the period 
during which the application of water affects the growth or maturation 
of the plant affords a basis for the better understanding of irrigation. 

i rhese studies were made on the Aberdeen Substation. AbWdeen, Idalm, in connection with cereal 
aiperimmts conducted cooperatively by the Idalm'''Agricultural' Experiment, Station and the Office of 
Cer^rf-InYestiiWtions, Bureau of Plant Industry, United Stati^, peparttnent of Agriculture. , 

’Harry, V. DAIEY DBVSE 0 J?ME!NT OB KB,RkEtS,Of'HANNiCHBJ 7 BAREEY FROM PEOWERING TO 
MATORtnr AT, abeepebn, IDAHO. In Jour. Agr. 'Research. V. 19. no„ 9. p. 593'"43o, 17 fig., pl. 83-91. Uiter* 
atuTe cited, ^P.'4:39. 'I920. ■ , 

--and Anthony, 'Stephen., DETEtoFkBNT'oF'BAHtEY eernees in normae and clipped spires 

AND THE EIMJTATIONS OF AWNEl^SS AnD ,HOObED VARIETIES. In Jour. AgT, Research, V. 19, no, 9. p. 43 i- 47 a» 
13 rig., '1920. „ ' A , „ 

Journal of Agrioiltural Research, VoL XXI, No. i 

Washington, i). C,', ^ Apr. 1,1931 

xg, ‘ Eey No. ,Gr'»ar ■ 
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PLAN OF THE EXPERIMENT 

About tV acre was seeded to Hannchen barley on the Aberdeen Sub¬ 
station, Aberdeen, Idaho. This area w^as treated as a unit during the 
early period of growth. It received its last uniform irrigation on June 
23. The plot was then subdivided into 16 smaller plots of uiiifomi size. 
These were inclosed' by checks, and each in turn was surrounded by a 
drainage ditch. Eight of the 16 plots were chosen for the experiment. 
Plot I was handled so as to secure a normal development. It was irri¬ 
gated on July 10 and July 29. Plot 8 received no water after the uniform 
irrigation of June 23. Plots 2 to 7, inclusive, received only one applica¬ 
tion of water after the irrigation of June 23. Water was applied to plot 
2 on July 14, to plot 3 on July 17, to plot 4 on July 20, to plot 5 on July 
23, to plot 6 on July 26, and to plot 7 on July 29. Aiter the irrigation 
of July 10, all -^vater was measured, each plot recei\dng 300 gallons 
the dates mentioned, except plot 2, which received only 290 gallons. 

Samples 'were taken on plots 1,2, and 8 daily from flowering to ma¬ 
turity. Plots 3 to 7, inclusive, were considered to be identical with plot 
8 until irrigated. Samples were taken on the day of irrigation either 
before or soon after the application of water, and daily from that time 
until maturity. The methods of sampling and of obtaining and recording 
data have been described previously, and the description will not be 
repeated here. The results are more than comparable with those re¬ 
ported in the paper on the daily development of the kernels. They are a 
part of the same data. The data from plot i formed the basis of the 
previous paper. As the data showing daily development have been re¬ 
ported in full for plot i, all daily data will be omitted here. The sum¬ 
maries in the tables were obtained in the same manner as the summaries 
previously reported. Slight discrepancies sometimes occur through re¬ 
peated averages, which do not carry the fraction to sufficient decimal 
places, and through the fact that a few abnormal kernels are excluded 
in some cases, 

RESULTS 

The experimental data recorded are summarized in Table L The 
variables recorded were length, lateral diameter, dorsoventral diameter, 
wet weight, dry weight, water, ash, and nitrogen. All these variables 
were affected by the time of application of water.,, The'differences are 
more apparent when considered by variants than when the plot is used 
as the basis of'discussion. 
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Tabli® I .—Average length, lateral diameter, dorsoveniral diameter, and percentage and 
weight per kernel of dry matter, water, nitrogen, and ash in kernels of Hannchen barky 
sampled at 24~hour intervals from eight plots variously irrigated at the Aberdeen Suhsia^ 
tion, Aberdeen, Idaho, in igif 

PLOT I 


Bate. 

Bengtli. 

Lateral 

diam¬ 

eter. 

Dorso- 

tral 

diam¬ 

eter. 

Percentage of weight per 
kernel. 

Weight per kernel. 

Dry 

mat¬ 

ter. 

Water. 

Nitro- 

gen.c 

Ash.a 

”Wet 

weight. 

Dry i 

mat- ;Water. 
ter. 

Nitro¬ 

gen. 

Ash. 


Mw, 

Mm, 

Mm, 





Mgm. 

Mgm ,; 

Mgm. 

Mgm. 

Mgm* 


2.27 



!«:• 0 

84.1 








16. 

2.88 

1.32 

0. 74 

x6.o 

84,0 

4.32 

7*91 

3*0 

•S 

2.5 

.02 

0.05 

17. 

3-93 

1-39 

. 82 

19-1 

80.9 

3* 06 

7-4X 

4-5 

•9 

3-6 

.03 

.06 

18. 

6.0s 

I. Kl 

. 90 

20.1 

79.0 



8.0 

1.6 




19.. 

7.91 

I, 79 

1.16 

22.0 

78.0 


4. II 

12. 7 

2.8 




20. 

8.78 

1.94 

1-30 

22-4 

77*6 

2.27 

4.22 

15*8 

3-5 

12.3 

.oS 

•IS 

21. 

9-32 

2- 10 

1.48 

24.1 

75*9 

3* 14 

3* 54 

19.2 

4.6 

I4«S 

.13 

•14 

22. 

9. Si 

2.51 

I. 71 

25.8 

74-2 

2*33 

3*50 

25*7 

6.6 

19.1 

• IS 

.23 

23. 

9*96 

2. 80 

1.90 

28.5 

71-5 

2.07 

3*64 

31-0 

8.S 

22. 2 

.18 

.3a 

24.. 

9-83 

2.86 

1.90 

30.9 

69.1 

2.13 

2.92 

32.7 

10.1 

22.6 

.22 

.30 

25,...,..! 

9. So 

3.02 

2.05 

33-6 

66.4 

1.94 

2.91 

36.0 

12.1 

24.0 

.23 

' -35 

26. 

9*77 

3*09 

2.06 

36.2 

63.8 

1.96 

2.67 

, 38.2 

13*9 

24*4 

.27 

•37 

'27.,.,...! 

9-98 

3* 30 

a. 25 

37*4 

6a. 6 

2.03 

2*73 

44*6'! 

16.6 

28.0 

•34 

•4S 

28.......; 

10.02 

3-47 

2-33 

39*5 

60.5 

1.98 

2.42 

48. 2 : 

19.0 

29* t 

•37 

.46 

29.1 

9*84 

3-SO 

2.42 

4X.2 

58.8 

2.03 

2.46 

49*0 

20. 2 

28. S 

.41 

.50 

30.j 

9-99 

3- S9 

2. so 

43*6 

56.4 

2.01 

2.19 , 

53*0 

22.8 

30.2 

.46 

•SO 

32. 

8.83 

3- S6 

2. S4 

45*5 

54*5 

2. Z2 

2.32 

52.2 

23*7 

28.5 

•SO 

•55 

Atig. I . 

9-10 

3.62 

2. 51 

48.1 

SI. 9 

1.99 

2. 26 

54*8 

26.3 

28.4. 

•5a 

•59 

2..... 

8.87 

3-S9 : 

2. S4 

48.7 

SX*3 

1.90 

2.03 

53*3 

25*9 

27-4 

' .49 1 

•53 

3. 

8.87 

3.61 

2. 59 

5P*3 

49*7 

1*95 

2.0s 

5.5* S 

28.1 

27.8 

•ss 

.58 

4- 

S.96 

3.60 

2.64 

50.8 

49*2 

2.02 ' 

1.97 

56.3 

28.6 

27.7 

•S8 

.56 

s. 

S.66 

3- 60 

2.62 

52.9 

47*1 

1.89 

1.94 

55*9 

29.5 

26.4 

.56 

•57 

6. 

8. 78 

3«S7 

2.67 

55*1 

44*9 

2.00 

1.89 

56.6 

31-1 

25* S 

.62 

•59 

7. 

8.77 

3.60 

2.68 

56.4 

43*6 

2.27 

1*93 

5S.0 

32.6 

25.4 

•75 

.63 

8. 

8-53 

3-53 

2. 64 

57*2 

42.8 

2.28 

1.88 

56.1 

32.0 

24.1 

,76 

• 60 


PLOT 2 



3*2 

3*4 



18.1 

81.9 

3-15 

2.63 


3*4 

4-3 


3.S 

0.02 


17. 

1.4 

.9 

18.9 

81.1 

4-88 

.8 

3-5 

.02 

0. os 

18. 

5-6 

*.s 

.9 

19*9 

So. 1 

2*43 

6.33 

7.0 

1.4 

S-6 

•03 

,09 

19. 

6.6 

1*7 

I.O 

2X.3 

78.7 

2-11 

5- 62 

8,8 

1.9 

6.9 

.04 

*13 

- 20.'. 

2X^.1..... 

7*9 

9-0 

. 1.8 
': 2.0 

X. 2 
1.4 

22.1 

23-5 

77-9 

76.5 

2. 26 
2.17 

4*91 

13-0 

17.5 

2.9 

4*1 

10.1 
13*4 

.07 

•09 

.13 

■ ’ 22,',..., 

9*6 

^ 3.4 

1.7 

25.6 

74*4 

2.38 

3*48 

24.x 

6.3 

*7-9 

.IX 

• 27 

i*3.. 

'24. 

25 . 

26.. 

^ •9-4 
' 9*7 
9‘S 
9-9 

2.6 
; 2.8 
2.8 
3*0 

1.8 
t-9 
1.9 
a.o 

37.8 

39.8 
32*4 
34*0 

36.7 

36^3 

40.4 

42-3 

45*8 

45*9 

72.2 
70- 2 

67.6 
66,0 

63.3 

63.7 

59*6 
57-7 
54*2 

54*1 

4.33 

2-28 

2.14 
1.97 
2. x6 

3*79 

26,9 
31-5 
31.1 

36.3 
40.6 
42-5 
42- 5 
46.,7 
48.3: 
47*7 

7*5 

9*4 
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TabI/]^ I .—'Auerage le^igth, lateral diameter, dorsoventral diameter, and percentage and 
weight per kernel of dry matter, water, nitrogen, and ash in kernels of Hannchen barley 
sampled at 24-hour intervals from eight plots variously irrigated at the Aberdeen Substa¬ 
tion, Aberdeen, Idaho, in xgiy —Contintied 


I«I,OT 3 


Date. 

lengtli. 

Xatera! 

diam- 

etef. 

Dorso- 

ven- 

tral 

diam¬ 

eter. 

Percentage of weight per 
kernel. 

Weight per kernel. 

Dry 

mat¬ 

ter. 

Water. 

Nxtro- 

geii.<2 

Ash.« 

Wet 

xveight. 

Dry 

mat¬ 

ter. 

Water. 

Nitro¬ 

gen. 

Ash. 


Mm . 

Mm . 

Mm , 





Mgm , 

Mgm . 

iV/aiw. 

Mgm . 

Mgm * 

July 17. 

' 4'3 

1*5 

0,9 

21.3 

78.7 

3-41 

5 * 90 

5*2 

1-1 

4.1 

0.04 

0. 06 

iS. 

6.1 

X.6 

•9 

21. 6 

78.4 

2.37 

4*00 

8.2 

1.8 

6.4 

.04 

.07 

19. 

7-3 

I. 7 

X. I 

22. 5 

77 * 5 

2.44 

3* 80 

10.9 

2.5 

8.4 

. 06 

. 08 

20. 

8-4 

2.0 

1*3 

23*3 

70. 7 

2.24 

3-37 

15*9 

3-7 

12.2 

.09 

. II 

ai . 

9.x 

2- 2 

1-5 

23*9 

76.1 

2.1S 

4.67 

iS. 9 

4-5 

14.4 

,C 9 

. 24 

23 . ..... 

9.8 

2.S 

1.6 

25-9 

74.1 

2.56 

3.61 

24.x 

6.3 

17.8 

. 15, 

.25 

23 ...... 

9-3 

2 . 5 

1.7 

26.8 

73*2 

2. 14 

3*87 

26.4 

7.1 

19*3 

. 17 

• 25 

24 . 

9.8 

3-0 

2,0 

32*5 

68.5 

2.24 

3*79 

35*3 

II. 2 

24.1 

.2$ 

• 38 

as. 

9.8 

3*1 

2.0 

3X.2 

63.8 

2.06 

4.02 

35*5 

IX. 0 

24.5 

. 23 

.43 

36 . 

9.9 

3 - 2 

2 . X 




17 


13. 7 



• 43 

37 . 

9.8 

3-3 

2. 2 

37*6 

62.4 

2.07 


44 * I 

16. 6 

37 -S 

• 35 

.36 

28. 

9-7 

3*4 

2.3 

36.4 

63.6 

2.04 

2.60 

4 S -9 

16. 7 

29.2 

•34 

•43 

20. . 

9.6 

3*5 

2.3 

40.8 

59 * 2 . 

2.00 

2.30 

45-8 

x 8.7 ; 

27-1 : 

•39 

.4^ 

30. ,.. .. 

9 * ^ 

3 * ^ 

2. 5 

41. 0 

59 * ° 

2.00 


51. 7 

21.6 

30. 1 

• 45 


' ' 31 .. 

8.9 

3*6 

2.5 

41.8 

58*2 

1.96 

2. 14 

52.7 

22.0 

30 * 7 

.42 

.48 

Aug. X. . 

8.8 

3.6 

2.S 

43*6 

56.4 

2.07 

2.0S 

53*2 

23 * I 

30* X 

.46 

•SO 

a . 

8.7 

3*6 

j 2,6 

48. X 

51.9 

1 2.33 

2.06 

53 -S 

; 25.8 

i 28.0 

•58 

•S 3 

3 . 

8.7 

3*6 

1 2.6 

49.1 

50.9 

2.41 

2.17 

56.0 

27-S 

28. s 

.67 

•59 

4 . 

8.S 

3-7 

2.7 

49*1 

50*9 

2. II 

2. 14 

57*5 

28. 2 

29-3 

. 6 t 

•59 

s . 

8.6 

3.6 

1 2. 6 

53*0 

47*0 

2.17 

1*93 

56.3 

29-8 

26. 5 

.64 

.58 

6 .. 

8.6 

3*6 

i 2. 6 

55*3 

44 * 7 

a. 13 

2.04 

: 55-5 

30.6 

24.9 

•6S 

‘63 

7. . 

, 8.4 

3*5 

2.5 

56* 8 

43*2 

a. 36 

1.96 

53*7 

30.4 

23*3 

.70 

.63 

. 8 . 

8.2 

3-4 

; 2.5 

56.3 

i 43 - 7 

2.55 

I.7X 

■ SX-i 

28.8 

22.3 

.64 

•55 


PLOT 4 


July 20. 

8.6 

1.9 

1.3 

j 

24.4 

75*6 

2.77 

3*9 

15-5 

3.8 1 

i 

II .7 

0.10' 

0.15 

21. 

8.9 

2.0 

1.3 

24*3 i 

i . 75 * 7 

3.0S 

4.8 

16.1 

3*9 

12. 2 

.13 i 

•19 

22. 

9.7 

2-5 

1.6 

37. 2 

! 72.8 

2.71 

3.6 

23 - 6 

6.4 

17. 2 

. 20 ; 

. 20 

23 . 

9*7 ^ 

2*8 

1.8 

28. 3 1 

71*7 

2.6s 

3*2 

27.9 

7*9 

20. 0 

. 30 1 

•37 

24 . 

9-5 ' 

2.9 

1.9 

: 29*5 


2.38 

3*3 

3 T.S 

9.4 ' 

32 . 4 

.34 

.38 

25.. 

9*9 

3.1 

2.1 

33*3 

j 66- 7 

I. IS 

3*8 i 

37*9 ' 

ia.6 

23.3 

.14 ' 

•49 

a6. 

9.8 . 

3-2 

2.1 

34*2 

65.8 

2, II 

3-2 

34*4 

13-5 

20-9 

.27 

• 4.5 

27. 

9. 7 

3.4 

2.2 

34*3 

65-7 

2.39 

3.0 

41-3 

14*1 

27. 2 

•34 

.43 

aS. 

9-9 

3-4 

2.3 

36.1 

63*9 

2. 19 

2,9 

44.3 

16. 0 

aS. 3 

•34 1 

.48 


<>><0 

3.4 

a. 3 

39. 0 

60.1 

1*39 

3 ,. 2 

46. X 

18.6 




30. 

' 8.8 

3*5 

2.4 j 

42.2 

57 * S 

2.12 

2.3 

47 * I 

19.8 

37*3 

.42 

.46 

. 3 t. 

9.0 

3*6 

2 -S 

42- 8 

i 57*2 

2. as 

2.4 

52.6 

22. 5 

30.1 

•S 3 

•SI 

Aug.' I. 

8.8 

3.6 

2.5 

46.2 

1 S 3 * S 

2.31 

2.0 

52 - 2 

24-1 

aS. I 

•55 

.48 

a.. 

9.0 

3*7 ' 

2.6 

46.9 

S 3-1 

2.31 

3-3 

58.2 

27*3 

30.9 

.63 

•63 

3 . 

8.7 

3-7 i 

2. 6 

49*8 

1 SO* 2 

2.43 

2.0 

56.3 

aS. 0 

28.3 

.69 

•55 

4 . 

8,6'l 

3-5 ' 

2-6 

50.0 

1 so* 0 

2*35 ' 

a. a 

S 3 . 7 

26.4 

26.3 

•59 

1 .60 

s . 

8.7 

3*6 

2-7 

SI* 8 

i 48. 2 

2.62 

2.0 

54 * S 

28.4 

26.4 

•73 

! *58 

6. 

8 -5 

3.6 

,2. 6 

53*7 

! 46.3 

2. go 

2.3 

54-1 

29.1 

25.0 

•75 

i *75 

7 . 

'8.6 

3-6 

2. 6 

55-7 

44*3 

I. S3 

2.0 

54 - 7 

30*5 

24. 3 

.56 

; .61 

8 . 

S -3 

3'5 

2 -S 

S8-i 

41-9 

2. 75 

1.7 

i ■ ■ 

$0.6 

29.4 

21. a 

.81 

•SO 


PLOT 5 


July' 23...'.,. 

9*5 

a. 9 

1.8 

32* I 

67.9 

1.96 

3*3 

" 29-9 

9*6 

’ 20-3 

'0.,xS' 

0* 33 

' '24 . 

9-7 

, 2.9 

1.8 

31.0 

69.0 

2.87 

3.8 

30. 3 

9-4 

20,8 

' . ,26 

.27 

' as . 

9-7 

3*2 

2. X 

34*6 

6s-4 

2.31 

3.1 

37*4 

13*0 

,34.4 

. 26 

•31 

'26.. . 

9.6 

■3.1 

1.9 

33-3 

6A 7 

2.63 

2.1 

34-8 

11. 6 

23. 2 

.27 

. 28 

. 27.V'.,.. 

' '' '9*7 

''3*3 

2.1 

35* I 

64*9 

3-SS 

3. 2 

40.1 

X4* I 

26.0 

•39 

.41 

28.. .... 

29.. -.,.. 

; 9*7' 
,9-5, 

, 3»4 
, 3*4' 

2.2 
'2. 2, 

36.8 

41.4 

63. 2 
SS.6 

2, 82 

2.2 

43*3 

44.6 

IS-9 

IS-S 

27.4 
'26.1 

.43 

.40 

'30 . 

■ ,8.8 

'' 3*5' 

2-4 

43'8 

,56. 2 

2, 62 

2.4 

48. 8 

2X.4 

27.4 

-52 

' • S5' 

31 . 

8.7 

'3‘4 

2.4 

44-1 

55‘9 

2. 13 

a. I 

48. 6 

21.1 

26.9 

•43 

•47 

Aug. X,.',... 

AS 

' 'AS 

'2*4 

' 44-’S 

55*5 

1.96 

a*3 

SO. 6 

22. 5 

a8. 1 ' 

• 41 

•55 

a .. 

8.4’ 

,''3‘ 5',' 

,,a*'S 

48.5 

Si-S 

2. 38 

2.3 1 

49- 6 

24*1 

25-5, 

•54 

,'•54 


''' '8*4' 

3-6' 

2-4',' 

47* 8 

■ 52. a 

2*84 

' 2. 1 j 

48-5 

23. 2, 

', as-'3 

•63 

•SI 

4......' 

8.6 

'' 3*''S:,: 

'„AS' 

48.9 

'■SX-X 

2. 58 

3.1 

' 5I-'6' 

25. 2 

26.4 

.67 

•5* 

5 . 

g-'l 

',,3-6 

■" 2 -„S"| 

,:''' 5 i* 7 

, 48*3 

a-SO 

2* a 

SI*,8 

a6'. 8 

'?S-'0, 

.66 

, .61 

6 ...... 


- 3*5 < 

a.,6'''' 

sa. 3 

47*8 

: '2*88'. 

' x*7 

SI. 9 

27* 'O' 

,,'24.9 

,' ."'78 

' .46 

7,...'.;' 

'' 

', 3-5 

„ 

' SA X 

43*9 

■2., '88' 

■ a-5 

53*4 

' 29-,9; 

„,a3.S,"' 

" *^Ss 

..76 

8,.'.... 

8.1 

'3- '4' 

2,6 

54*9 


'■ 'f 52 

' ,1.9 

'SO. 6 

'37*5 

'' 22 . S 


', '-iSo: 


, S'. X 

3-4 

2*5 




1.9 

'50* 6 

, '» 7 * 7 

32 9 

', * 96', 

43 
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TablB I. —Average lengthy lateral dia'tiwter, dorsoventral diameter, and percentage and 
weight per kernel of dry matter, water, nitrogen, and ash in kernels of Hamicken barky 
sampled at 24-hour intervals from eight plots variously irrigated at the Aberdeen Substa¬ 
tion, Aberdeen, Idaho, in xgxf —Continued 


PI.OT 6 


Bate. 

Length. 

Lateral 

diam¬ 

eter. 

Borso- 

ven- 

tral, 

diam¬ 

eter. 

Percentage of weight per 
kernel. 

TTeight per kernel. 

Biy' 

mat¬ 

ter. 

W'^ater. 

Nitro- 

gen.“ 

Ash.^ 

Wet 

weight. 

Dry 

mat¬ 

ter. 

Water. 

Xitro- 
gen. - 

Ash. 


Mm. 

Mm. 

Mm. 





Afffm. 

Mgm. 

Mgm, 

Aigm. 

AXgm. 

July 26. 

9-4 

3-0 

1.8 

37-5 

62.5 

2.81 

2- 2 

33-4 

12. 2 

20. i 

0. 23 

0.26 

27. 

9.8 

3-3 

2.1 

38,9 

6j. X 

2.21 

2. 2 

41 -1 

16.0 

25-1 

*34 

•36 

28. 

9.8 

3-3 

2.2 

39 - 2 

60.3 

2.22 

2 . I 

42. 7 

16. 7 

26. 0 

•37 

•35 

29. 

9 - 7 

3-3 

2.2 

40. 2 

59-8 

2.68 

1-9 

40.7 

16.3 

34.4 

.44 

• Jt 

30. 

9.0 

3-5 

2*3 

41.7 

58.3 

2-37 

1.9 

46.8 

X 9 -S 

37.3 

•45 

• 38 

31. 

8.8 

3-4 

2.3 

37-4 

62.6 

3 - 79 

2.4 

44.9 

16.8 

28.1 

.30 

•49 

Aug, I ...... 

8.6 

3-3 

2.2 

47-5 ' 

S 2‘5 

2, 27 

1.9 

42.0 

20. 0 

22- 0 

-47 

■36 

2. 

8.6 

3*4 

2.4 

49-1 i 

SO. 9 


3.9 

5 .x. I 

25. I 

26.0 

, . 59 ! 

•SO 

3 . 

8.3 

3.4 

2.3 
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a Oil dry-matter basis. 


The length of kernel is not a very satisfactory' index of devdopment. 
As has been previously shown,, the full length is attained within a few 
„days,after, flowering and;remains;',,nearly' constant during 'the remainder 
of The ,period of'devdopment. As the ;grain'ripens, however, the lo^ 
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of water and consequent turgor result in a slight decrease in length. 
The average lengths of kernels from the 8 plots are shown in figure i. 
These are averages of daily measurements until July 23. After that 
date they are the averages of two days, as the length had become so 
nearly constant as to make daily averages of no advantage. The drop 
in length on July 30 is due to a change in the method of measurement. 



i^iG, I. —Graph showing average length of barley kernels during growth, from plots variously irrigated. 


After this date it w^as possible to measure the kernels without including 
the ovary tissues, which had then been largely resorbed. Previous to 
this date the measurements include ovary tissue about i mm. in length. 

Figure i shoves two things. Plot i, which, because of the irrigation 
designed to maintain satisfactory growth, exceeded the other plots in 
size of kernels, possessed no advantage at the beginning. Its kernels 



^0, 3.—Graph showing average lateral diameter of barley kernels during growth, from plots variously 

irrigated. 

were of no greater size than those of the other plots. On the other hand, 
it is apparent that the kernels from plots 7 and 8 never attained the 
length of the kernels from plot i and that the shrinking at maturity 
occurred earlier in these plots. 

The maximum: lateral diameter of the kernel was not attained until 
the last of July. As maturity approached, there was slight decrease. 
In figure 2 the lateral measurehiaiite plot 2 are shown to 
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be considerably lower than those of kernels from plot 3 or 4. A part of 
this may be due to soil conditions, but a part is due also to the greater 
culm formation. The irrigation of July 14 on plot 2 stimulated stooEng 
to such an extent that more spikes were produced in this plot than in 
any of those irrigated later. As it received no further irrigatioii, the 
competition was more intense and the plants suffered from drouth toward 
maturity. As maturity approached, the diameters of kernels from plots 
6 and 7 were greater than those of kernels from plot 8, showing benefit 
from late irrigation. 

The dorsoventral diameter (fig. 3) does not reach its maximum until 
just before maturity.' There was little difference between these measure¬ 
ments of kernels from the different plots until July 27. After this date 
there is an evident relation between the dorsoventral diameter and the 
date of the application of water, excepting in plot 2, which was some¬ 
what abnormal. The kernels from plots 3 and 4 are almost equal to 
those of plot I. These kernels, it will be remembered, are from selected 



Fig. 3‘"“Oraph showing dorsoventral diameters of barley kernels during growth, from plots variously 

irrigated. 


spikes, the total number of spikes being much less in those plots. The 
plants in plots 6 and 7 were able to use the water applied as late as July 
26 and 29. They showed an increase in the dorsoventral diameter of 
the kernels as compared with those from plot 8, and the maturation 
was delayed by the application. 

The average weights per kernel of all intermediate plots fell between 
those of plot I and plot 8. The data on weights present one surprising 
feature. The wet weight per kernel is an earlier index of final size of 
kernel than is the dry weight. In figures 4 to 10 it appears that the moisture 
of the irrigation of June 23 was sufiSicient to maintain a maximum growth 
on plot 8 until July 27. After that date, the wet weight of kernels from 
plot 8 was less than that of those from plots i to 4, In figures 11 to 17 it 
will be seen that this is not the case with the dry matter. The weight of 
dry matter hi kernels from plot. 8 is equal to that of those from plots 
2, 3,, and,4 until July 30. The cause of this is not evident It would 
appear that the size of kernel is determined before the rate of deposit 
of material is checked. In figure 18, the water content of the kernels 
from plot Sis seen to have reached, the maximum by July 27. , This is 
mot,,true in any. other plot,' This means.,that whatever/change 
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place at this time occurs under the conditions of plot 8 two or three days 
earlier than in plots i to 4. This change may mark the end of the addi¬ 
tion of new cells, the abandonment of the central cells for active deposi¬ 
tion, the entering of the second stage of starch formation where numerous 
new grains are started, or it may be some fundamental change the sig¬ 
nificance of which is not yet recognized. 

The kernels from plots 5, 6, and 7 show departure from the rate of 
deposit in those of plot 8 at later dates. There is a departure in all cases; 
and eveninplot7,irrigated as late as July 29, the kernels are significantly 
greater in size and their maturation date is postponed by the irrigation. 

The status of the water supply on succeeding days is more apparent 
in figure 18. The course of the water content of kernels from plot i is 
here seen to be very regular. From this plot four samples were taken 
instead of two, and the more favorable irrigation caused a more uniform 
development in the plants. If some allowance is made for plot 2, the 
effect of time of irrigation is quite apparent. By August i, plot 2 has 
begun to suffer from lack of water, while 3 and 4 are enjoying the full 
benefit of a sufficient supply. By August 7, maturation is wdl advanced, 
the kernels from plot 5 being equal to those from plots 3 and 4 in water 
content and those from plots 6 and 7 showing obvious benefit from the. 
late irrigation. 

The trend of the percentage of ash is very uniform. As can be seen 
from the table, there is a gradual daily decrease from about 8 per cent at 
flowering to less than i per cent at maturity. When expressed in milli¬ 
grams per kernel, the ash content bears a direct though not exact rela¬ 
tionship to quantity of the water used. This is apparent in figure 19, 
where the ash per kernel is averaged in 3-day periods. There is some 
evidence that the application of water retards the deposit of ash for 
two or three days following irrigation. The curves of July 31 and August 
6 are strongly suggestive of the availability of water, it is to be sup¬ 
posed that plots 2 to 4 would use more water than those irrigated later, as 
they had the use of water for a longer period. Plots 3 and 4 received 
much less water than plot i, but they contained fewer culms and the 
water per culm seems to have been sufficient for an equal deposit of ash. 

The nitrogen determinations were not satisfactory. As may be seen 
in the table, the percentages varied from day to day more than seems 
natural. At first this is due to extremely small samples, but the varia¬ 
tion is just as great at maturity. No definite conclusions can be drawn, 
but from figure 20 it appears that a plentiful water supplj*^ may hinder the 
depoat of nitrogen. As much nitrogen apparently is deposited in the 
kernels in plots Suffering for water as in those amply provided with it. 
0 £ course the percentage of nitrogen is higher in the smaller kernels. 
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XiG. 6.*—Orapii showing wet weight in milligrams of barley kernels from plots 3 and 8. 
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Fig. 8 .-- 0 rapli showing wet weight in smlfigiaiiis of barley kernels from plots s and S. 



p m ao / z a ^ s e 7 

Fig. 9.--<5raph showing wet wdght in .tnilligmms of barley kernels from plots 6 and 8. 



Fig. io,—G raph showing wet weight in milligrams of barley kernels from plots ,7 and S. 
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Fig. sbowing 4 ry weight ia miUigxmns of barky kernels from plots f and 8. 



i8,—Graph showing water oonteat of barley kernels from plots variously irrigated. Bata shown 
are in loilligraais per kernel and are awrages of daily measurements during each snUy period. 



Fio. 19.—Graph showing ash content in barley kemela from plots variously' irrigated. Bata shown ate in 
Tniiflgrayrta pet kemcl and are, averages of 'daily, m^surements dining each 3-day period, , 
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IBlQ. 20,—GrapJi showing nitrogen content of barley kernels from plots variously irrigated. Bata shown 
are in milligrams per kernel and are averages of daily measurements during each 3-day period. 

DISCUSSION OF RESULTS 


The data presented show the course of development of kernels, for 
different plots. Some facts, however, they do not and can not show. 
They show, for instance, that the development of kernels in plot 2 is not 
so great as in plots 3 and 4. They do not show that a part of this is due 
to the extra culm formation on this plot as compared with those irrigated 
later. It is probable that the soil of plot 2 was somewhat below the 
average; but, in addition to this, there was a heavy development of 
culms which caused the water to be exhausted rather early in growth. 
The foliage of this plot showed that its plants were suffering from lack 
of water by July 30, On plots 3 to 8, the number of culms was much 
less, many of the secondary culms being arrested before they drew on the 
water supply. On the plots irrigated late in the series, wolf plants devel¬ 
oped which by their extra development used more than an average 
amount of water and ■ cause,d some irregularities.- ' These are-apparent 
in the data from plot 5. The plot yields are not given, as the study was 
not planned to include so many factors as are involved in the total yield. 
The kernel weights bear no necessary relation to the yield per plot. 

The major point of the study is conclusive. Plants, even though 
suffering from drouth, are able to utilize water in late applications. 
On plots 6 and 7 the plants were well along toward maturity when water 
was applied. The advanced stage of maturity is not shown by the 
growth curves. The sterile lateral spikelets of plants in plot 8 had lost 
their green color by August i—^that is, plot 7 had been irrigated just 
before the actual abandonment of tissue in the spike took place through 
drying or' maturity.', ''By August 3 the color,was^disappearing’on the 
side florets of plants'in plot 2,,,'which had begun to,',suffer from drouth ,a; 
few days before.' By Augttst';4the:;Colpr waS'apparent only around the 
furrow of the kernels from',this 'plapt,;'and, the lateral' floretS' of plot ;3 were 
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losing color. The plants on plot 3 had exhausted their water supply to 
the point of wilting badly. Those on plot 4 were affected slightly. This 
is apparent in the various graphs, but is more significant when' correlated 
with the field observation. 

The ripening was not uniform. On most of the plots the bases of the 
spikes were inclosed in the leaf sheaths. The kemds so inclosed did not 
ripen as soon as those which were exposed. The kernels from plot 8 
were wrinkling by August 5 and therefore were ripe. The tip kernels 
from all plots were wrinkling by August 8, but the basal kernels in some 
cases were still adding material. Of the plots irrigated once after June 
23, plot 5 was the last to ripen, having sufficient water and having been 
irrigated before maturity was as far advanced as in plot 7. The later 
maturity of plot 5 is apparent in figure 18. 

The departure in the growth of the various plots came at about tiie 
critical stage pointed out in the paper on daily development—that is, 14 
days after flowering. The course of the wet weights indicated that the 
ultimate size of the kernel was affected 3 days earlier. The nature of 
this change has not been investigated; but, as was suggested, it may be 
correlated with the stopping of the addition of new cells or with the enter¬ 
ing upon the secondary phase of starch formation. 

At Aberdeen, the deposit of dry matter continues until just before the 
grain wrinkles. Maturity at Aberdeen seems to occur at the earliest 
date possible mthout accident or drying. In other words, there is no 
prolonged period of maturation such as apparently takes place in districts 
where cold, wet weather occurs at ripening time. 

CONCLUSIONS 

At Aberdeen, Idaho, deposit of dry matter in the kernel continues 
until very near the point of absolute ripeness. 

The plants are able to utilize water up to the date of full maturity. 
Late irrigation results in a greater activity and a later maturity. 

A deficiency of water, even after the spikes are losing their color, 
results in checking the deposit of dry matter. 

A deficiency of water earlier in the development of the kernel probabl^f^ 
determines the size of the kernel, even before the rate of deposit of dry 
matter is checked. 




LEAFROLI., NET-NECROSIS, AND SPINDLING-SPROUT 
OF THE IRISH POTATO^ 

^By E. S. SCHUET2;, Patkologist^ Coiton^ Trudt, and Forage Crop Disease Inwestigations^ 
Bureau of Plant Industry, United States Department of Agriculture, and DONAEO 
Folsom, Associate Plant Pathologist, Maine Agricultural Experiment Station 

INTRODUCTION 

Potato {Solanum tuberosum L.) leafroli of the type that is transmissible 
but that has not been proved to be parasitic has been differentiated from 
other types by Appel {sf, Orton (15), Wortley {24), and others, and 
designated as phloem-necrosis by Quanjer {16, 17). It is considered 
by Quanjer (17, p, 41) to be an infectious disease caused by a virus or 
ultramicroscopic parasites. The absence of data concerning its cause 
and concerning natural and artificial means of its transmission has made 
it difficult to distinguish sharply between it and various other leafroli 
diseases of the potato and has resulted often in confusion and con¬ 
flict in the literature (j; 15, p, 3,19, 25, 34; 17; 24), The reviewing of 
this literature has been done previously (15, 17, iS) and is beyond the 
scope of this paper, which is concerned chiefly with symptoms and 
transmission. 

SYMPTOMS 

UEAFROLL 

The principal macroscopic characteristics of the type of leafroli ® 
considered in this paper include rolling, rigidity, brittleness, leathery 
texture, light green, yellowish, reddish, or purplish discoloration of the 
affected leaves; dwarfing of the vines, which usually remain erect and 
rigid; shortness of stolons; reduction in the number and size of tubers; 
and rigidity or woodiness of the tubers. Some of these characteristics 
may be absent at times. The rolling may appear upon the upper leaves 
alone or only upon the lower leaves or throughout the entire vine. It 
consists of an upward curving of the sides of each leaflet with the midrib 
at the bottom of the trough thus formed. (See PL i, A; 2, A.) Its 
extent depends largely upon the time when infection occurred and 
upon the age of the affected plant. Plants infected relatively late in 
their development may show rolling in the upper leaves only, while those 

* Ttils paper is based wpoxx iavestigations carried on as a cooperative project between tbe Office of Cotton, 
Xmcfc, and Forage Crop Disease Investigations of. the Bureau of Plant Industry, United States Depart¬ 
ment Agriculture, and the Department of Plant Pathology of.the Maine Agricultural Expaimeat 
Station. Unfe^ othoivise indicated the worh was performed in northeastern Maine in the vidaity of 
Presque Me. The order of.: arrangenient of the .authors^ names is not intended to indicate that, one 
cooperating institution omtributed more than the other to the results. 

* Reference is made by number (italic) to ** Latestature dted,*' p. 78-80. 

* Throughout this paper the term leafroli*^ is emplos^ed as an abbreviation of apparently nonparasitic, 
transmissible leafrolU*' and as a synonym of " phloem-necrosis.” 
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becoming infected from the tuber or when only a few centimeters tall 
show it in the lower leaves first, usually followed by rolling of progress¬ 
ively higher leaves later in the same season until most or all are rolled.' 

Some other diseases have characteristics in common vdth leafrolly 
but they can be distinguished from it. Leafroll is marked by rigidity 
or stiffness of the affected foliage (PL i, A, B) in great contrast with the 
flaccid, wilted condition of the roiled leaves found on vines affected 
with wilt diseases. It causes the leaves to be rolled symmetrically 
instead of asymmetrically as on plants whose leaves, usually a few top 
ones, are injured by certain insects. It closely resembles when in the 
top alone the type of rolling found on plants affected with Rhizoctonia, 
but the effect of Rhizoctonia v/ill be disclosed by examining more closely 
especially for the characteristic underground stem lesions. The type 
of leafroll caused by blackleg usually appears on the entire plant, accom¬ 
panied by more pronounced yellowish discoloration, and disclosure of 
the blackened 'underground stem will distinguish this type further. 
A nonparasitic t3'pe of leafrolling resulting from excessive soil moisture 
resembles very closely the kind considered in this paper. However, 
in the former the leaves on the entire plant may become rolled at any 
time in the development of the vine, the foliage does not become as 
stiff and rigid, and the leafrolling is limited to segregated areas where 
soil moisture is excessive. Another nonparasitic type is caused by 
drouth conditions, but usually is limited to the lowest leaves on the 
side of the plant most exposed to sunlight and is accompanied by limp¬ 
ness rather than by rigidity of the leaves. 

net-necrosis 

Orton first used the name '‘’net-necrosis^’ in connection wdth an illus¬ 
tration' (J5, PL //, fig, 2), As described previously by other writers 
(d, 7, 9), the most apparent effect of this disease in the tuber is a dis¬ 
coloration of the fibrovascular bundles, originating at the rhizome scar. 
This is dark, varying from brown to black, and is in the form of a net¬ 
work (PL 2, B) which may extend throughout the whole tuber. The ap¬ 
pearance of affected tubers in section is shown in Plate 3. The writers 
have seen net-necrosis occasionally'' absent in the stem end while pro- 
nomiced in the bud-end half. While it is not difficult in severe cases to 
distinguish, with the unaided eye, the type of net-necrosis under consid¬ 
eration from wilt types of vascular discoloration (15, PI. II), the writers 
often have found it very difficult and even impossible to do so in slight 
and, sometimes, in, moderate cases. Recourse to microscopic' examina¬ 
tion then has been necessary, the phloem being the tissue showing necrosis 
instead of the ' xylem. As will,be described more' in detail later, other 
leafroll characteristics, ^besides,necrosis of the phloem appear to be insep¬ 
arable from, net-necrosis. ' : Net-necrosis,.tubers''are often hard and firm 
(PL 4, A), as ate leafroll tubers,''bluish,:o ,the:',stem'end. 'Frost- 
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necrosis of the net type may have a similar appearance, but the writers 
have not found any frost-necrosis of the ring or blotch types in their 
net-necrosis material and have found, as reported by Jones and others (la, 
p„ 36, 45), that frost-necrosis induced experimentally (PL 4, B) was not 
accompanied by any of the symptoms characteristic of leafrolL 

SFINDUNG-SPROUT 

As with other descriptive names for diseases for which no pathogene 
has been described, it is quite probable that with ‘‘spindling-sprout** 
more than one cause is involved. The type considered in this paper is 
shown in Plates 3, B; 4, A, C; and 5, A. 

GEOGRAPHICAL DISTRIBUTION 

It may be inferred from the reports on the distribution of leafroll that 
it occurs wherever the Irish potato is grown. Orton (15) mentions its 
occurrence in Austria-Hungary, Denmark, Germany, Holland, Sweden, 
Switzerland, and the United States. It is also reported to be in France 
and Java (17). Collaborators for the Plant Disease Sur\^ey (ii, p. 53) 
have noted its occurrence in the States of California, Colorado, Connecti¬ 
cut, Georgia, Idaho, Iowa, Maine, Maryland, Massachusetts, Michigan, 
Minnesota, Montana, Nebraska, New Jersey, New York, Ohio, Oregon, 
Pennsylvania, South Carolina, Tennessee, Utah, Vermont, Washington, 
and Wisconsin. Wortley (24) states that he examined more than 60 
varieties of potatoes affected by this disease in America—^in the East 
from Florida to Maine; in the Middle West and West in Michigan, Minne¬ 
sota, and Colorado; in Canada in the Provinces of Ontario, Quebec, New 
Brunswick, Nova Scotia, and Prince Edward Island; and in Bermuda. 

Data are very few concerning the extent to which net-necrosis is found 
geographically. Reference to Table VI, and to the authorities already 
quoted in regard to the symptoms shows that it is found generally in 
Maine and at least to some extent in other States. A form of spindling- 
sprout may sometimes be a result of net-necrosis, as will be shown later, 
and so may possibly be found wherever the latter disease appears. 

ECONOMIC IMPORTANCE 

Estimates made by the collaborators of the Plant Disease Survey (ijf, 
p, 53) show that in the United States the percentage of plants affected 
with leafroU may range from i to 95. The presence of the disease in 
almost all the potato-growing sections, including the most important 
seed-growing centers, produces a very favorable condition for its con¬ 
tinued spread. This is more particularly the case where the agents of 
its dissemination are most abundant, as indicated in the following pages, 
Eeaf roll causes considerable losses wherever an appreciable percentage df 
the plants are affected, because diseased hiHs produce tubers which may 
'be greatly reduced in, size and /number. Plants severely' diseased'':i?^i|' 
29668'°--h21—4' '' ' ; 



50 


Journal of Agricultural Research 


Voi. XXI, No. I 


produce only culls, and these will result in practically a total loss to the 
grower. The results of studies dealing with the effect upon yield are 
given in Table L 

Table I .—Effect of leafroll upon yield 


Tot No. 

Variety. 

Total 
number 
of hills. 

Percciit- 
afic of 
hills leaf- 
roll. 

Total 
yield (in 
pounds). 

Yield 
rate (in 
pounds 
per hill). 

1919-AF 17, 18, 19. . . 
toui—AF 30 snd 31... 

Irish Cobbler. 

■ 14 

6 

0 

20 

I. 43 
.83 
X. 72 
n 34 
1.47 
1.17 
.25 
.41 
.56 
I- 75 

.do. 

100 


1920—20..... 

Irish Cobbler, strain A.... 
.do. 

1,195 

909 

639 

616 

0 

2, 052 

I, 220 

1920—24... 

10 ’ 

1920—22... 

1 Irish Cobbler, strain E.... 
.do. 

0 

943 

722 

37 

153 

4.5 

21 

T920—2 ,.. 

3. 3 

1920—28.' 

.do. 

ISO 

376 

8 

100 

1920—26 and 29. 

Irish Cobbler. 

100 

I920-P. I- 13. 

1920—?. T. T . 

.do. 

100 

.do. 

12 

0 





The year of planting is given as part of the lot number. 


In Table I the two 1919 lots and lots 1920-P. I. 13 and 15 were 
hill-selected and planted according to the hill- and tuber-unit method- 
The others were planted in bulk. As indicated, in two cases a single 
strain was divided into two or three lots, which may be compared with 
greater value than lots from different strains. The difference in yield 
between the two comparable 100 per cent leafroll lots—those planted in 
bulk in 1920—^is due largely to differences between the strains. It is 
doubtful whether the small amounts of leafroll in lots 1920-24 and 
1920-23 are entirel}^ responsible for the reduction in yield rate as com¬ 
pared with the corresponding healthy lots, 1920-20 and 1920-22. 
However, it is clear that the yield rate of entirely leafroll stock is very 
materially reduced as compared with that of healthy lots. 

When net-necrosis appears as a symptom of leafroll, tubers which 
othenvise could be used for culinary or exhibition purposes become of 
less value. Even the usual severe effects of leafroll upon the plant are 
accentuated by the phloem-necrosis of the tuber, as shown in Plates 5, B, 
and 6, A. The comparative infrequency of its appearance makes it less 
important than leafroll, but its relation to leafroll makes the latter, 
as the fundamental trouble, still more undesirable. 

Plate 7, A, B, shows a row, and Plate 7, C, shows a plot of dwarfed 
plants produced by net-necrosis seed. The effect of net-necrosis upon 
the yield is considered in Table II. Data concerning the lots grown at 
Highmoor Farm (of the Maine Agricultural Experiment Station, in south¬ 
ern Maine) 'and'iin 1917 at Aroostook Farm (Station Farm in northeastern 
Maine) were secured, respectively, by Dr.'W. J. Morse, plant pathologist, 
and Mr. G. B. Ramsey, then assistant plant pathologist., These' data, 
in so Tar as they, are concerned 'with symptoms, are indicateddn the 
table by quotation marks;' 
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The comparisons in Table II deal with small lots for the most part, 
chiefly because of the scarcity of net-necrosis material. They indicate 
that while leafroll \rithout net-necrosis reduces the yield greatly, both 
together reduce it still more. 

TRANSMISSION OF LEAFRObb 
TRANSMISSION BY TUBERS 

Transmission of leafroll through the tubers has been noted by different 
investigators studying this malady (15, 17, 22). Observations made by 
the writers upon the same strains of leafroll diseased stock since 1916 
show that these stocks consistently have developed plants with the 
characteristic leafroll symptoms. Tuber production has practically 
ceased in some of these. Others continue to form plants and tubers 
as in 1916 but always Show leafroll. 

TRANSMISSION BY GRAFTING 
TUBERS 

Since mosaic of Irish potatoes was successfully transmitted by the 
writers by means of tuber grafts (20), similar methods were followed 
with leafroll. In May, 1919, 20 tubers of approximately the same size 
and shape were selected from healthy and from leafroll stock. The 
freshly cut surfaces of a healthy half tuber and a leafroll half tuber 
were brought into intimate contact and were kept there with rubber 
bands. Planting followed immediately. The other half of each of the 
healthy tubers was planted separately as a control. A set of 7 tubers 
grafted •with the halves from healthy tubers served as an additional 
control. 

At the end of the gro-vring season all the control plants were free from 
leafroll. Three of the 20 healthy half tubers grafted on leafroll half 
tubers had produced plants with leafroll. Upon examination it was 
found that these 3 were the only ones which had formed organic union 
with the corresponding diseased halves. One of the 3 plants thus inocu¬ 
lated through tuber grafting, together with the control, is shown in 
Plate 8. These results confirm similar ones secured by Quanjer (17). 

STATES 

In the summer of 1919 a healthy stalk in each of three hills of the 
Green Mountain variety was grafted with a scion taken from a leafroll 
plant of the same variety. The stalks at the time of grafting were about 
16 cm. tall,' At the same time and in a similar manner a stalk in each of 
four' Irish Cobbler hills was grafted. These grafts were in' the open field, 
in three 4-hill tuber units.' ,, 

By the end, of the growing season in the'seven different'grafted hills 
each of the shoots growing'from the stock Just below' the graft developed 
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leafroll. At this time the five ungrafted hills from the same tuber units 
were still free from leafroll. In the fall of 1919 the tubers from these 
grafted and ungrafted hills were reserved for planting in 1920. Observa- 
tions on the second-generation plants in 1920 showed that all the tubers 
from the leafroll grafted vines produced leafroll plants, while those 
from four of the five ungrafted hills gave rise to healthy vines. The 
infection of one control hill was probably due to inoculation by aphids 
in 1919. These results confirm similar ones secured by Quanjer (17) 
with grafts. 

In view of results already obtained with aphids and to be described 
later, grafts that were made in the field in 1920 were covered with insect 
cages. Three Irish Cobbler tubers were taken from a lot which was 
rogued in 1919 and which contained less than i per cent of leafroll in 
1920. Each was cut into 3 pieces, and each tiiber unit was planted 
under a cloth-covered insect cage. Scions from leafroll plants in the 
open field were grafted on July 15 upon 4 stalks in each cage, 2 in the 
second and 2 in the third hill of each tuber unit. All the 12 scions but 
I lived until August 25, when the hills were dug. In spite of precau¬ 
tions, one or more individuals of the potato aphid {Macrosiphum solani- 
join Ashm.)^ were introduced into each of the first and second cages, 
with the result that by August 20 such aphids were numerous. None 
were found in the third cage at any time. The results were the same for 
all 3 tuber units, and it seems probable that the aphids had not been 
abundant long enough to contribute to them. On August 25 each of the 
6 hills with grafts, except i in the second cage, showed leafroll in the top 
of a branch coming from a stock just below the graft. One such branch 
and a control are shown in Plate 6, B, C. 

TRANSMISSION BY APHIDS 

INDICATIONS or NATURAL TRANSMISSION PROM RIRDD OBSERVATIONS 

During 1917 each healthy control lot was planted in the same row with,, 
or in an adjoining row to, leafroll stock of the same strain and variety, 
Leafroll appeared in 1918 in the progeny of hills that during the pre¬ 
vious season apparently were free from leafroll. The healthy hill- 
selected lots were planted in 1918 and 1919 in a section of the plot 
more apart than in 1917 from the leafroll lots of the same variety, being 
from 2 to 12 meters distant. Twenty-five per cent of the 438 hills of 
controMots, representing Green'Mountain, Irish Cobbler, Early Rose, 
and Burbank varieties, ^ showed leafroll in 1918. Only 13 per cent of 
the 240 control hills, representing the same varieties, were leafroll in 
1919. In 1920 the ^percentage of leafroll hills, from a total of 336 con¬ 
trol hills of the same varieties as in 1919, was 12. It is assumed that, as 

Identified by Dr. Edith M. Patch, Entomologist of the Maine Agricultural Experiment Station. 
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with mosaic (19, 20), new infection appearing early in the season is the 
result of inoculation late the preceding season. It then follows that 
the decrease in leafroll in 1919 and 1920 in these control lots apparently 
resulted from the increase in distance from leafroll lots in 1918 and 1919. 
Leafroll inoculation, although less in 1918 and 1919 than in 1917, could 
still be made by aphids dispersing from the diseased lots and from the 
few diseased hills in the control lots. 

In addition to the observations made on the foregoing control lots, 
w'hich were carefully selected hill and tuber units, some were made on 
stocks planted in bulk. Here the rows were so arranged that two of 
them, each containing 300 healthy Irish Cobbler hills, were planted on 
each side of a row of wholly leafroll stock of the same variety. The 
entire plot then included 5 rows, with leafroll stock in the middle or 
third row. This test was begun in the season of 1918, when the aphids 
were very numerous in northeastern Maine. At the end of the season 
representative separate lots were selected from the apparently healthy 
rows before the leafroll stock in the third row was .dug. In 1919 these 
lots were planted in separate rows. Observations now disclosed the 
presence of leafroll in x per cent of the stock which in 1918 was grown in 
the tw’O outer rows. In the stock grown in the two rows next to the 
leafroll row, 5 and ii per cent, respectively, developed leafroll in 1919. 

The lot "which in 1919 was ii per cent leafroll was again located next 
a leafroll row in 1919, and the lot 5 per cent leafroll was in the third row 
from a diseased row. The leafroll plants were rogued from these before 
the aphids appeared so that the effect of these insects as carriers as well as 
the effect of removing diseased plants could he ascertained. Examination 
in 1920 disclosed leafroll in 5 per cent of the stock growm next to leafroll 
stock in 1919, and leafroll in }4 per cent of the stock grown three rows from 
leafroll in 1919. In view of the results obtained with aphids as agents 
of leafroll transmission, described later, the spread of leafroll to healthy 
stock grown in the vicinity of leafroll plants can reasonably be attributed 
to these insects. Whatever may be the cause, increase of proximity 
clearly increased the spread of leafroll in the field, as has been found by 
Quanjer (17), and by Murphy and Wortley (ij, 14), and the variation 
of the spread from place to place and from season to season, as noted by 
Murphy and Wortley (14), is such as might be expected if aphids were 
the responsible agents. 

FIELD EXPERIMENTS WITH INSECT CAGES 

Inasmuch as Quanjer (17) and the writers regarded leafroll as being a 
disease of a type similar to mosaic, and as the writers (19, 20) had secured 
natural transmission'' of mosaic by means of aphids, it seemed advisable 
to attempt transmission with leafroll :also.'' Consequently experiments 
were begun in the summeriof 191:9; with,; special precautions taken against 
the possibilty of soil;;infection.;. Sev&ty Green' Mountain' tubers were 
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planted in a small plot with ■ the nearest groups of leafroll plants culti¬ 
vated with different tools and situated at lower elevations at distances 
of 10, i5j and 40 meters, respectively. The records indicated that no 
leafroll plants had been grown in the soil of this plot since 1916 or possibly 
before, and stocks grown in it during 1917 showed no leafroll in 1918 or 
1919. Infection from the soil of the plot thus seems to be impossible. 
No leafroll was present in the plot during 1919, or in the progeny of 
another bushel lot of the same strain planted elsewhere/ except in the 
progeny of 2 of the 70 tubers. These were grown in two insect cages as 
3“hill tuber units. On July 26, spinach aphids {Myzm persicae Sulz.)^ 
were transferred to these 2 tuber units, respectively, from two caged 
potato plants grown in pots, the first having leafroll and the second 
both leafroll and mosaic. The aphids were of a stock originally kept 
upon radish plants for a number of generations and proved to be non- 
virulent in regard to potato diseases (19, p, 262-264). After their intro¬ 
duction to the 2 tuber units, the latter before being dug on September 17 
showed the external characteristics of leafroll in the top leaves. In 
1920 the tubers from these plants were planted with others from the same 
plot, each being split and producing a 2-hill tuber unit. The observations 
made in 1920 are summarized in Table III. 


TABri® III.— Results of inoculation with aphids from leafroll plants infield cages in 19IQ 


Tuber units in 1919. 

Tuber units in 1920. 

Total. 

Treatment. 

Total. 

Percentage 
of leafroll. 

42 

Caged. No aphids from leafroll plant. 

500 i 

0 

7 

Uncaged. Aphids uncontrolled. 

S 4 i 

0 

I 

Caged. Aphids from leafroll plant. 

0 8 i 

63 

I 

Caged. Aphids from plant with leafroll and mosaic. 

^7 

86 


« Oae tuber, both severely net-nearosis and leafroll. For appearance of a leafroll plant of this lot, see 
Plate 9, A. 
b 57 3per cent mosaic. 


Nineteen of the 70 tuber units in this plot are not considered in Table 
III, being discarded in 1919 at, digging time or tbdr progeny .being 
planted in other fields in 1920 and showing no leafroll It is clear that 
the introduction of aphids from leafroll plants caused infection and was 
the only means of transmission of this disease in this plot.^. Plate 9 
shows plants of the second generation of this stock. 

'tObscTYcd by Dr. W. J.'Morse. 

Identified by Dr-Edith M. Patch. 

® After the manuscript for this paper had been submitted for publication, a similar smd ccmteiaporary 
but entirelF independent experiment was reported as givingf similar results (BoirjRS, Jan OerhardttS 
Oortwiln. PB blapeolmbkte van pb aascpappbbbpanx - . viii, 136 p„ 8 pi. Wageningm.. 1920- 
Inatig. Diss-, Literatuur, p. I1S-X22. Summary,in Gennan, p, 123-136}. 
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GREENHOUSE) EXPERIMENTS TVHTH INSECT CAGES 

During the winter of 1919-20, tubers from healthy Irish Cobbler 
potato plants were split in two and the halves planted in separate pots 
in the greenhouse at Washington, D. C. When the plants from these 
half tubers had reached a height of a few centimeters, some of them were 
inoculated by means of spinach aphids (Myzus persicae Sulz.)/ which 
were transferred to the leaves after having been brushed from leafroll 
plants of the same variety into a wide-mouthed bottle. The aphids 
were allowed to feed for a few weeks before being killed with tobacco 
fumes. In each case the control plant from the corresponding half of 
the same tuber was grown under similar conditions and remained healthy. 
Additional data regarding these inoculations are given in Table IV. 

Table IV .—Leafroll inoculations hy means of aphids 


Inoctilated plants. 


Rant 

No. 

Inoculation. 

Insect 

cage. 

Date of 

Date of 
first 
symp¬ 
tom. 

Later obser¬ 
vations. 

Control plants. 

Date. 

Number 

0! aphids. 

Height 
of stalks. 

fumiga¬ 

tion. 



1920. 


Cm. 






33 

Feb. 9 

About so,. 

3 to 6 

Present to 

Mar. s 

Mar. 5 

Apr. 2, se¬ 
vere leaf- 

333b, not caged 



Mar. s- 



or fed upon by 







roll. 

aphids. 

340a 

Feb. 19 

About 100. 

5 toS 

Present... 

Mar. 10 

Mar. 19 

.do...... 

340b, like 332b. 

3Soa i 

Feb- 24 

,. .do. 

4 

None. 

Mar. 17 

...do.... 

.do. 

3 sob, like 332b. 


...do.... 

...do. 

4 

,, .do.j 

...do.... 

.. .do.... 

.do. 

3Sib,like 332b. 

353b . 

...do..,. 

.. .do. 

4 

. 1 

...do.... 

...do.... 

.do. 

3S3a, about loo 
aphids from 









mustard Mar. 
13, when 4 cm. 
high. 

3 Sab 

Mar, 2 

. ..do. 

4 

.. .do. 

...do.. 

Mar. 31 

Apr. ,13. se¬ 
vere leaf- 

3S3a, like 332b. 








roll. 


35 Sa 

...do.. .. 

.. .do .j 

4 

.. .do. 

., .do,... 

.. .do- 1 


3Ssb, like 332b. 

3 S 9 a , 

...do.. .. 

^..do . 

4 ^ 

,. .do .' 

...do.. ..| 

...do.... 

.do. 

3S9b, like 333b. 
3S6a, like 3S3a. 


1 



t i 


From the data presented in Table IV it is apparent that the first 
symptom was noted from 24 to 29 days after inoculation. This consisted 
of a' slight rolling of the lower leaves. Dater this and other characteristic 
leafroll symptoms became severe, consisting of pronounced rolling and 
stiffness of the lo’wer leaves, rolling in many cases of the majority of the 
upper leaves, slight marginal reddish discoloration of many leaves, and 
rigidity of the whole plant. On half the plants the aphids were killed 
from 9 to 14 days before the first symptoms appeared and in any case 
from 23 to 27 days before the S3miptoms were noted as being severe. 
Moreover, the control plants which were treated with nonvimlent aphids 
were still free from leafroll when last observed on April 15, so that aphids 
alone could not be considered as the cause of the leafroll symptoms. 

^ Identified by Br. A. Entomologist, Bedduons-Emit Insect Investigations, Bureau of Ento¬ 

mology, United States Department of'Agricultm'e. 
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One such control is shown in Plate 10 TOth the corresponding inoculated 
plant. 

On April 15, 1920, the vines were still green but had made practicaliy 
full growth. At this time the tubers were harvested from each of the 
inoculated plants as well as from each of the controls in order to note 
the amount of infection in the plants of the second generation. In June, 
about two months later, these tubers were planted in the field. Because 
of the very brief resting period only a few produced vines of sufficient 
size to be of value for observation. Two of the second^generation plants, 
one treated in the first generation with aphids from a leafroll plant and 
the other its corresponding untreated control, are shown in Plate ii. 
The former shows very marked leafroll, but the latter remained healthy. 
Of the controls three out of eight were sufficiently large to show that they 
were free from leafroll. The remainder had made less than 3 cm. growth 
when a killing frost ended the season; and hence, although apparently 
healthy, they were too small for notes to be significant. Of the eight plants 
whose parents were inoculated, five developed marked leafroll symptoms. 
The remainder, like the controls, were not yet large enough for notes at 
the end of the season. Even though not every plant in the second 
generation made growth adequate for obsenmtions, yet the fact that 
the remainder of the mnes disclosed such marked differences, healthy 
in the case of control stock and distinctly leafroll in the case of inoculated 
stock, confirms the evidence that the leafroll of the first generation was 
transmitted by aphids. 

GREENHOUSE? UXTBRIMENTS ‘^’ITHOUT INSECT CAGES 

During the winter of 1919-20 when cage experiments with spinach 
aphids were being conducted in the Washington greenhouse, another set 
of healthy potato vines was exposed there to aphids dispersing naturally 
from leafroll plants. The aphids were of two kinds, mixed, most of 
them being the potato aphis (Macrosiphum solanifolii Ashmead)^ and 
the rest the spinach aphis.^ The healthy potato plants thus exposed to 
aphid inoculation were located in greenhouse A, as is indicated in Table V. 
They were grown in S-inch pots which were within 1.5 meters of the 
aphid-infested leafroll potato vines of the Irish Cobbler and Green 
Mountain varieties. Aphid dispersal took place freely during the last 
week in February, 1920, the healthy plants being half grown. In green¬ 
house B, as is shown in Table V, a control set of healthy plants similar to 
those in' greenhouse A was, set among leafroll plants.. The conditions in 
greenhouse B' were like those^ in' greenhouse A with the exception that 
aphids were eliminated by weekly tobacco fumigation. 

On April 13, 1:920, 'when the tubers were har\^ested,,two Irish Cobbler: 
plants of series No, 1 and two Green Mountain plants of series No. 2,, 

'3^ by Dt, A. C. Baker, of tbe Bureau d Eutomology, United Statesmepartiaedt ‘'AgA-’' 

culture.; 
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showed leafroll. The tubers of these four plants as well as those of the 
remainder in both greenhouses, were reserved for study of the second- 
generation plants. The appearance of this second-generation stock in 
the experimental field plots is indicated in Table V. 


Tabue V .—Transmission of leafroll by aphids dispersing nainrally in the greenhouse 




First-generation plants. j 

Second - generation 
plants. 

Se- 








ties 

Variety. 





Num¬ 

ber 

Per- 

No. 


Time of 

Location of experi- 

Distance from leafroll 

Total 

cent 



planting. 

ment. 

plants. 

num¬ 

ber. 

leaf- 

roll. 

age 

leaf. 

roll. 

z 

Irish Cobbler... 

Nov*. aS, 1919 

Greenhouse A; leaf- 

o.s to I meter... 

16 


56 


Greess. Moum- 
tain. 

roll plants and 
aphids present. 






® 

Bee. 3,1919 

.do.. 


7 








3 


Jan. 13,1920 1 

.do. 

Next to leafroll plants 

7.5 meteTs 

8 

18 

13 


<53 

4 

. 

.do. 

.do. 

5 

$ 

Irish Cobbler... 

Jan. 39,1920 ! 

Greenhouse B; 1 ^- 

0.5 to 1.5 meters. 

4 

0 

0 


Green Mottn- 


roll plants but no 
aphids present. 


t 



6 

Bee. iS, 1919 

i 


i.<> to « meters. 

14 

0 



tain. j 



1 

0 


From Table V it is evident that leafroll developed in a high percentage 
of the progeny of the healthy potato plants subjected to infestation by 
aphids from leafroll potato vines. On the other hand, it is equally 
apparent that all the healthy plants not exposed to aphid infestation 
remained entirely free from leafroll in both the first and second genera- 
. tions. Furthermore, it is clear that a higher percentage of leafroll devel¬ 
oped as the plants of the first generation were closer to leafroll plants. 
It will also be noted that contact of healthy vines with leafroll foliage 
was neither sufficient nor essential for transmission of this disease, anri 
that there was no contact of roots. The dispersal of aphids from leafroll 
foliage to healthy foliage was alone effective in transmitting leafroll. 

In the spring of 1920, 120 mostly healthy tubers were split into halves 
and were put into a warm place and caused to sprout. One-hundred of 
these were used for other experiments, and four of the 100 produced leaf- 
roll plants from both halves, as a result of infection of the stock in 1919 
or before. The remaining 20 furnished 40 halves. A half from each 
of the 20 was kept in an individual insect cage for a week together with a 
leaflet infested, when introduced, with spinach aphids and secured from 
a diseased potato plant grown in the Maine Agricultural Experiment 
Station greenhouse at Orono, Me. The aphids varied in number from 
about 30 to about 100, and at least some of them dispersed to the sprouts, 
which were from 2 to 5 mm. in length, before being killed by tobacco 
fumigation. The other half of each tuber was untreated ex^^ 
similar fumigation. Thehalf tubers were planted without further Gutting. 
Ten halves were fed upon by aphidsirpra mosmc potato foliage; of these. 
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3 produced mosaic plants as did the corresponding untreated halves, 2 
produced healthy plants as did the corresponding untreated halves, 5 
produced mosaic plants with the corresponding plants healthy, and none 
whether treated or not produced a leafroll plant. Ten other halves were 
fed upon by aphids from leafroll potato foliage; of these, 5 produced 
leafroll plants while the corresponding halves and the other five pairs of 
halves produced plants with no leafroll. Thus aphids from leafroll plants 
inoculated the sprouts of 50 per cent of the half tubers fed upon, while in 
the control set aphids from mosaic plants inoculated 71 per cent of the 
half tubers not already diseased. The method used in this experiment 
is probably not duplicated by natural conditions except for the remote 
possibility of inoculation at the rhizome scar by aphids reaching and 
adhering to the tubers at digging time. However, it served to confirm 
in one generation of plants that which could be proved only by growing 
the second generation in certain other experiments described in this 
paper—-that is, the ability of aphids to transmit leafroll about as readily 
as they can transmit mosaic. 

TEST OF SOIIy TRANSMISSION 

In a test regarding the soil harboring of mosaic (20, Table VIII), 
19 rows of mostly healthy Green Mountain potatoes were planted in 1919 
across the location of 14 plots of the preceding year, when i plot was of 
Irish Cobbler potatoes all leafroll and another was of miscellaneous 
varieties partly leafroll. No leafroll was noted in any of this stock in 
1919, or in 1920 except 4 hills in the part of the stock grown on 
the ground previously planted with miscellaneous varieties. Unless 
leafroll differs from mosaic by being nontransferable between varieties 
(20 p, J24), these negative results indicate that the danger of leafroll 
overwintering in the soiTis small and is probably due to ungathered 
diseased tubers which may grow and produce other such tubers and also 
produce sources for infection by aphids. 

Similar negative results in regard to overwintering have been secured 
by Quanjer (17). His explanation of the positive results of proximity 
on the basis of contamination passing through the soil is, in the opinion 
of the writers, hardly more plausible than one on the basis of transmission 
by dispersing aphids. His experiments, as far as can be learned by the 
writers/were not performed in such a way as to predude The possibility 
of inoculation by aphids, and the experience of the writers has shown 
that with special precautions: it is very difficult to control these insects 
completdy arid 'that ordinarily they'are abundant Judging from his 
figures (iS), apparent soil transnfission was correlated in the first gener¬ 
ation' with other differences than root contact alone—^namely, less 
complete isolation of the plants by means of pots, more vigbrous growth, 
and a, difference, in location.', ^All 'these factors may have- influenced .the, 
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development and dispersal of virulent aphids.^ The question of soli 
transmission will remain open until it is demonstrated with all aerial 
insects eliminated and even then will be solved more completely when 
the exact means, possibly either subterranean insects, root contact, soE 
water, or the soil itself, is disclosed. Wortley (24) also reports negative 
results, 

RELATION OF LEAFROLL TO NET-NECROSIS AND SPINDLING-SPROUT 
REUABIUTY OF NFT-NECROSIS AS AN INDICATOR OF DBAFRODU 

A number of separate lots of net-necrosis tubers have been planted 
in, Maine during the past few years, beginning with 1915. The data 
concerning many of these are given in Table VI. Omission is made of 
net-necrosis lots which were known to have originated from leafroll 
hill selection and of those which were grown in the field in 1920- As 
fat as is known, each of the stocks or lots considered in this table is 
unrelated to the others—that is, no two have had a common origin, 
though they may have come from the same place. The year of planting 
is given as part of the lot number. As indicated, sometimes a lot was 
divided into two or more sublots. The data for all plants grown at 
Highmoor Farm are taken from records made by Dr. W. J. Morse, and 
those for the sublots grown in 1917 at Aroostook Farm from records made 
by Mr. G. B. Ramsey. Such of these as are concerned with symptoms 
are indicated by quotation marks. The writers are responsible for data 
for all other lots. In examining this table there should be kept in mind 
both the difficulty, already discussed in regard to S3miptoms (p. 48-49), of 
always ascertaining net-necrosis, or tuber phloem-necrosis, without 
microscopic examination, and the possibility that plants infected with 
the leafroll virus may be so reduced in \dtality that they lose the usual 
symptoms of stiffness and pronounced leafrolling. Compare Plate 
I, A, B, for the effect of net-necrosis and leafroll in the field, Plate 2, A, 
and 4, C, for the effect of greater severity of net-necrosis in the greenhouse, 
and both the two plants of Plate 5, B, and the two pairs of plants of 
Plate 6, A, for the effect of net-necrosis upon field-growm leafroll hills. 
The difficulty regarding symptoms would be aggravated by including 
doubtful cases in a net-necrosis lot, which, when material for study of 
the disease is rather limited, may seem more desirable than excluding 
all but marked and severe cases.' , ' 

The data in Table VI indicate that there is some relation between 
net-necrosis and leafroll, inasmuch as 26 lots contained both net-necrosis 
seed and leafroll plants and came from 15 different places and com¬ 
prised about as many different varieties. The four other lots either con¬ 
tained' net-necrosis seed 'and' perhaps, leafroll, plants (lots 1915“W. and 

lAmoreJ^crntpublicatioaiby OTeof' (BOtjKs, 

also poitxts out the'possibility'ol.iasect trausmisSioix ’^periments in 'question, ■ ' '' 
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1915-E) or doubtful cases of net-necrosis and no leafroll plants (lots 
1919-54 and 1919^-96). It will be noted that whenever all the tubers 
in a lot were unquestionably or severely affected the plants produced 
by them were all leafroll or spindling or both. 

The preliminary studies having indicated that severe net-necrosis 
was fundamentally a tuber phloem-necrosis and was ahyays associated 
with leafroll, attempts were made in 1920 to differentiate more exactly 
macroscopically between net-necrosis and various types of vascular 
discoloration not associated with leafroll. A tuber was considered as 
showing at least a medium stage of net-necrosis if a longitudinal section 
disclosed vascular discoloration exceeding i cm. in extent from the 
rhizome scar, running through several layers, lacking uniformity in degree 
of discoloration, and with soggy-looking parenchyma near by. It was 
considered as being in the severe stage if in addition to the f oregoing the 
discoloration extended into the bud-end half or extended beyond the 
stem-end third with many of the strands black* 

During the planting season of 1920, about 8,000 tubers were exam¬ 
ined for the presence of net-necrosis and were planted. Of these, 75 
were recorded as being in the severe stage, 89 in the medium, and 87 in 
either the severe or medium stage with no distinction made. Of the 75, 
all produced leafroll plants except 3 which did not grow above ground. 
Of the 89, all but 2 produced leafroll plants. One of the 2 exceptions 
was among the unusual cases showing the disease only in the eye-end 
half of the tuber. The second was dug July 26 with another net-necrosis 
hill of the same lot. It was flabby, with the discolored strands hard 
and brittle and containing fungous hj^phae, discolored xylem, and very 
little discolored phloem, while the tuber that produced a leafroll plant 
was rigid, with the discolored strands smaller, more numerous, more 
extensive, lighter in color, not hard, and containing neither apparent 
fungous hyphae nor discoloration outside the phloem. It evidently 
had not been possible to distinguish readily at the time of planting be¬ 
tween a wilt tuber and a phloem-necrosis tuber. Of the 87, all but 3 
produced leafroll plants, 2 of the exceptions producing \rilt plants and 
the third probably being a wilt tuber. 

The practical restriction of net-necrosis diagnosis to leafroll potatoes 
as just described is made more striking by the following facts. Of the 
8,000 tubers examined and planted, 1,000 came from about 10 lots which 
in 1919 were grown so as to be readily exposed to leafroll infection, or 
were controls to such lots, and furnished 135 of the diseased tubers, 
while the remaining 7,000 came mostly from lots concerned with the 
study of mosaic and furnished only, 116 diseased tubers. Furthermore, 
each of the latter group of 116 tubers came from a lot that either was 
partly'leafroll in 1919 or w^as. artificially' inoculated in some way ,with 
leafroE, or wasmear—^not, exceeding 12 meters at the most—^to leafroll 
lotS'in 1919.' ^ 



T?abi,^ VI .—Lots planted for preliminary study of net-necrosis 
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POSSIBILITY OP A COMMON CAUSE OP LEAPROLL AND NET-NECROSIS 

In the preceding section of this paper data have been submitted show¬ 
ing that in Maine net-necrosis has been consistently accompanied by 
leafroli. It may be that net-necrosis, a tuber phloem-necrosis, is caused 
by the same virus^ as is leafroli or phloetn-necrosis. This hypothesis 
will be tested further by detailed microscopic studies now under way 
and by various inoculation experiments begun in 1919, but it explains 
the available facts and explains them at least as w^ell as does the assump¬ 
tion that the two diseases are caused by different viruses. 

Experiments indicate that net-necrosis is apparently nonparasitic in 
nature and transmissible, like mosaic and leafroli. Numerous attempts 
by the writers and by others in the same laboratories to find one kind of 
organism associated consistently with the disease have resulted only in 
failure. The usual origin of discoloration at the rhizome scar indicates 
that the source of infection comes from the parent plant. The rare 
cases already noted as found by the writers in which the phloem discol¬ 
oration was restricted to the eye-end portion suggest that the disease is 
carried with the juice. Transmissibility by aphids was demonstrated in 
the field experiment ivith insect cages, described on page 54. The 
leafroli plants from which the insects were taken had been produced by 
net-necrosis tubers. At planting time in 1920, severe net-necrosis was 
found in one of the eight tubers from the plant given the third treatment 
described in Table III, while none was found in the 584 control tubers. 
The fact that this single tuber showed net-necrosis is explained easily by 
the theory that one virus causes leafroli and, in the proper conditions, 
net-necrosis as well. 

Correlation between the amount of net-necrosis and leafroli in a num¬ 
ber of stocks grown in 1920 has been partly indicated on page 60. This 
correlation is shown further by data upon the 1,000 tubers in the 10 lots 
that supplied the majority of the net-necrosis tubers, given in Table VII. 


Tabi^e VII .—Leafroli and 7 iei'mcrosis in IQ 20 hi lots healthy in igiQ 


I,ot No. 

1 

Total 
number 
of tubers. 

Tubers producing leaf- 
roll plants. 

Tubers 
showing 
nct- 
necTOsis 
at planting 
time. 

1 Percentage 
of leafroli 
tubers 
; showing 
net- 

necrosis. 

Number. 

Percentage. 

T- 31 ' .. 

227 I 

15 

7 

2 


...'. 

146 

0 

0 

0 


3 v 37 .. 

139 

2 

I 

1 

' 50 

1^38-.. 

120 

15 

13 

9 

60 

L- 39 -”-. 

102 

87 

85 

62 

71 

352.'. 

III 

55 

SO 

3 ^ 

6s' 

354 .. 

SO 

10 

20 

5 


555. .. . . V , . .. .. . . . . , 


0 

0 

0 


357 . 

DO 

38 

■ ',22 

58 

1 $ ^ 

68 

3 S 8 --.-- ... 

40, 


'IS 

' 5 i 



^ See t>. 74, •witk footnote ^ for'tLe use of tlie ten» “ virus,” 
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A close relation between the two diseases is manifested by facts given 
in Table VII and elsewhere in this paper. Net-necrosis is never present 
in lots free from leafroll, is never more abundant than leafroll in lots con¬ 
taining both diseases, and is restricted to the tubers transmitting leaf- 
roll. This is in contrast with the usual independence of mosaic and 
leafroll among lots selected as healthy. Consequently there seems to be a 
closer relation between net-necrosis and leafroll than between mosaic and 
leafroll. Thesefacts are hard to explain if net-necrosis is considered to be a 
disease separatefrom leafroll, but they are easily reconciled with the theory 
that the leafroll virus may cause net-necrosis under certain conditions. 

This theory may seem to be discredited by the follomng facts. Leaf- 
roll hills usually produce small tubers, but net-necrosis often is found in 
large ones. Also, net-necrosis often disappears entirely or almost so 
from a stock while the leafroll remains. Both these questions will be 
considered in the discussion upon the effect of various factors upon the 
appearance of net-necrosis, where it is shown that large net-necrosis tubers 
may come from hills that contracted leafroll late in the season and that in 
some strains net-necrosis may be largely inheritable. Furthermore, the 
disappearance of net-necrosis in some varieties might well be expected 
if it is merely a leafroll S3miptom brought out by certain conditions. 

In this connection it may be pointed out that the indication of leafroll 
by stem-end browning of tubers was considered by Orton (15, p. 22) as 
no longer being reliable. This conclusion is apparently applicable to 
stem-end browning in general. It might seem to be warranted even in 
regard to the net-necrosis type when net-necrosis is absent as a leafroll 
symptom in certain conditions, to be described in the following sections 
of this paper, and when net-necrosis modifies the usual appearance of 
leafroll plants, as described on p. 60. 

INFLUENCE) OF VAEIOUS FACTORS UPON THE .APPEARANCE OF NET-NECROSIS 
variety, TUBER WEIGHT, AND OPPGRTUNITy FOR EEAFROTE INFECTION 

It may be noted that in the three lots (L-39, 352, and 357) of Table 
VII that are more than 50 per cent leafroll the percentage of leafroll 
tubers showing net-necrosis varies only from 65 to 71. Apparently when 
the number and percentage of leafroll tubers are high, the conditions 
governing the development of net-necrosis in such tubers may determine 
the relative amounts of the two diseases within somewhat narrow limits. 
In; order to determine what factors might influence the development of 
net-necrosis, comparison was made between different parts of each of a 
number of lots of which most were divided in 1919 first according to the 
presence or absence of net-necrosis when planted and later according to 
the presence, absence, or proximity of leafroll hills in the lot or field. 
These' lots were grown in 1919 either at Aroostock Farm or at the Presque 
.Isle Laboratory plots. During that season all net-necrosis tubers planted 
at the latter place were in one row at the side of the plot. The tubers were 
.examined for net-necrosis in'the spring of 1920, and many of them were 
' planted,'' The results of the various observations are given in Table VIII.^ 

'/ 29668—21—5 



TabI/IJ Vlll.—Rcktlian of leafroll infection to net-necrosis 
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An examinatioii of Table YHI discloses that net-necrosis was inherited 
only in three Green Mountain lots (ii, V-138, and V-139). That is^ 
the subiot which was selected as showdng net-necrosis in 1919 developed 
as much disease in 1920 as was shown by any other sublot j or more. 
However^ in the majority of such sublots (in lots ¥-134, V-142, ¥-143^ 
¥“I44 j ¥-1489 ¥-155, and ¥-156) there was no net-necrosis in 1920^ 
although in three lots (¥-134, ¥-148, and ¥-156) varietal susceptibility 
was shown by the fact that some tubers were net-necrosis that were 
produced by plants becoming infected with leafroll in 1919. This 
difference between lots in the inheritability of net-necrosis, apparently 
varietal, might, however, seem to be due possibly to a difference in the 
weights of the tubers han^ested. This question is considered, for the 
suMots just pre\dot!sly mentioned, in Table IX. It is seen in Table IX 
that by far the greater number of tubers in all lots were small Therefore 
the tendency to inherit net-necrosis w'as varietal rather than due to any 
tuber weight. 


Tabi^E IX .—Reiaiion between tuber weight and mi-necrosis at the time of planting in 
sublots selected for net-necrosis a year previously 



The effect of recency of infection is revealed in Table ¥111 in lot ¥-148. 
Mo net-necrosis was sho'^vn by the 1920 generation of the sublots, selected' 
in 1,919'on account of the presence of net-necrosis or of leafroll, while 
the second generation of the sublot selected in i9i'9 as healthy hills next 
in the row to leafroll hills contained many net-necrosis tubers of which 
'about three-fourths were affected severely (PI 12, A). Apparently in 
this' 'Stock and variety, net-necrosis was dependent upon leafroll inocu¬ 
lation'that occurred not earlier than during the preceding season.' The 
possibility ,of the differences between sublotS' 2,' 3, and 4 of lot-¥-148 
.being due also .to a' difference in tuber-weight is considered in Table X. 
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TablS X .—Relation between tuber weight, recency of leafroll infection, and net-necrosis 
at the time of planting, in sublots of lot V-148, New White Hebro^i variety 


Sub- 

lot 

No. 

Condition of plants in the 
previous season. 



Number of tubers weighing 

- 


Per¬ 
cent¬ 
age of 
net- 
necro¬ 
sis. 

u 

a 

§ 

i 

§ 

0 

3 ounces. 

4 ounces. 

5 ounces. 

6 ounces. 

7 ounces. 

a ounces. 

. ! tn 

1 a> 

<j 1 0 

0 1 fl 

B n 

3 0 

® 1 s 

I 

r,eafroli, from net-necrosis 


1 







1 



tubers. 1 

41 ' 

Q 







1 .i. 

0 

2 

Leafroll,... ^ 

2 i 

13 







1 ! 

0 

3 

Healthy, next to leafroll 











hills in same row. 


10 

8 


6 




I ^ . 

40 

4 

Healthy, near leafroll hills 











in same row. 


6 

II 

10 

7 

2 

1 

2 


13 


It is evident from Table X that while the tubers are smaller in the sub¬ 
lots free from net-necrosis, there is sufficient overlapping to indicate that 
recency of leafroll infection was the dominant factor in this lot. Such 
recent inoculation was followed by net-necrosis also in lots ii, no, 126, 
V-134, V-138, V-139, and V~i 56, but not in lots V-127, V-135, ¥-136, 
V-142, and ¥-143. The tendency for the tubers to be lighter in weight 
as leafroll is more pronounced is not surprising in view of the previous 
discussion of the effects of leafroll* 

Lot ¥-148 also shows the importance of proximity to leafroll hills. 
The progeny of the sublot from healthy hills next to leafroll hills con¬ 
tained three times as much net-necrosis (in terms of percentage of tubers 
diseased) in correlation with four times as much leafroll as was shown by 
the progeny of the sublot from healthy hills near leafroll hills. In addi- 
tion, both lots were 8 meters from the nearest net-necrosis lot. 

The previous discussion has disclosed the dominance of varietal and 
recent-inoculation factors over the tuber-weight factor in regard to net- 
necrosis. The question then arises how much correlation may exist be¬ 
tween tuber weight and net-necrosis, and incidentally leafroll infection, 
among the tubers of any sublot coming from hills in uniform conditions 
of growth and showing a high percentage of net-necrosis. Such data are 
given in Table XL Here the smallest tubers are dealt with first, and 
more tubers in the sublot are included as progressively larger sizes are 
considered. Tor example, the first entry represents a sublot with 70 
tubers weighing 2 ounces, 39 weighing 3 ounces and bringing the total 
considered up to 109 as given in the column headed by ‘*2 to 3/’ 12 
weighing 4 ounces, and so on. The dasses of heavier tubers contain 
fewer individuals and if dealt with separately would fiuctuate too much— 
from o to 100 per cent—to permit ready perception of the effect of a 
gradual increase of the average tuber weight upon the percentage of net- 
necrosis and of leaf roll. 
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In the 1920 generation of the three sublots that showed net-necrosis 
in 1919—^that is, the first, third, and fourth as given in Table XI—^the 
inclusion of progressively larger sets of tubers tends to reduce the per¬ 
centage of net-necrosis. Thus, inherited net-necrosis is less common as 
the average tuber weight is greater. In the 1920 generation of the other 
three sublots a progressive increase in tuber weight is accompanied by a 
rather marked increase in the percentage of both leaf roll and net-necrosis 
until 5 or 6 ounces are reached, except in sublot i of lot 126, where the 
increase of tuber weight has more effect on net-necrosis percentage than 
on leafroll percentage. Here, in the sublots with initial net-necrosis, 
the fundamental relation is one between leafroll infection and tuber 
weight, with its exact cause unknown. Initial net-necrosis shows a 
similar relation to tuber weight because it is proportional to leafroll 
infection. 

It has been pointed out that inheritability of net-necrosis tends to be 
varietal. Inherited net-necrosis may tend to be more common as the 
tubers are lighter in weight. Recency of leafroll infection may deter¬ 
mine the development of net-necrosis within a given variety. Finally, 
net-necrosis resulting from recent leafroll infection may tend in a given 
strain to be more common as the proximity to leafroll hills is greater 
and to be less common in the lighter-weight tubers, both usually in 
correlation with a similar tendency shown by the leafroU infection itself. 

It may also be pointed out that there was a great difference in leafroll 
infection, as shown in Table YIII, between the first sublot of lot 126 and 
that of lot 110. This was not necessarily due to the facts that in lot 126 
the healthy hills were of the same variety (Green Mountain) as the 
diseased hills alternating wdth them and that in lot no they were of the 
Green Mountain variety, while the diseased ones were not. The latter 
lot, showing much less leafroll (and net-necrosis) in 1920, was in a fidd 
in 1919 in which aphids were later in appearance and fewer in numbers 
than they were in the plot in which the former lot was grown. Also, it 
was over 150 meters from the weedy border of the field, while the former 
lot was about 25 meters from one end of an acre plot with a permanent 
weed patch at both ends and along one side and so was much nearer to 
the probable sources of newly hatched aphids. The most important 
difference seems to have been that of abundance of aphids, which have 
been shown to be capable of transmitting leafroll. 

Jones and others {12) have demonstrated that a type of net-necrosis 
maj' be' induced by certain conditions of low temperature, but have dis¬ 
tinguished (12, p, 22) between frost-necrosis of the net type and inheri¬ 
table net-necrosis. The same distinction is made by Coons (7, p. 57). 
One of' the writers at Orono followed the,idethods of Jones and, his ,co- 
workerS'(t2), except that outdoor conditions were used, ;,and induct' 
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frost-necrosis of the net (PL 4, B), ring, and blotch types. Neither 
of the last two types of injury has been seen in connection with the 
leafroll type of net-necrosis, which has developed in connection with 
leafroll tuber transmission under normal conditions of growing, harvest¬ 
ing, and storing, while at the same time thousands of other tubers, 
healthy, in regard to leafroll, were in the same conditions but remained 
free from net-necrosis. Moreover, a number of lots of tubers have been 
selected from stocks grown at Aroostook Farm and Highmoor Farm for 
the study of net-necrosis or leafroll and have been kept in well-heated 
buildings, so that it was known that there was no chance for chilling after 
harvesting. These are described in Table XII. Notes upon the first 
seven sublots were taken by either Dr. W. J. Morse or Mr. G. B. Ramsey. 
The sources of many are described in Table VI. 

It is seen from Table XII that net-necrosis may develop without any 
exposure to chilling temperatures. Furthermore, a certain test indi¬ 
cates that there is no relation between higher temperatures of storage 
and the prevalence of net-necrosis. This test consisted of dividing the 
tubers from lot 1919-125 of Table XII into eight parts so that the range 
and average of the tuber weight were as nearly alike as possible for the 
various sublots. Four sublots were kept in constant temperature 
chambers at 30°, 25®, 15°, and 8^ C., respectively. The other four were 
kept where the temperature fluctuated daily, the daily means averaging 
25®, 21®, 15®, and 10®. This was done for about two months, from 
November i to January 7, At the end of this period examination of 
the tubers disclosed no differences between the various sublets in regard 
to net-necrosis that were correlated with differences in temperature. 

PHYSlOrOGICAr CHANGES 

It may be noted that three lots considered in Table XII were examined 
at the time of harvesting and at bimonthly intervals afterwards. The 
percentage of net-necrosis increased markedly up to about the middle 
of February. Cook {6, p, 26) reports that this discoloration may be 
absent at the time of digging but may develop in storage, xlpparently 
changes that occur during the dormant period of the tubers may be 
involved with the development of the discoloration. 

During preliminary examination of net-necrosis tubers in comparison 
with healthy tubers, it was found that blackening appeared more quickly 
in cut or crushed tissues of the former,tubers than in those of the latter 
and appeared more quickly than is possible for'bacterial growth. The 
blackening substance was present in uninjured tissues only in the phloem 
of those with net-necrosis. It affected protoplasm and protein granules 
but not starch grains. It did not'pass through the walls' of vessels in 
the xylem of healthy tuber, segmeints which were allowed to absorb some 
olthe discolored Juice. It" developed most rapidly in crushed ^ tissues 
exposed to the air and, was: characterised by being associated with acid 
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coloration in litmus solution v/hen from net-necrosis tubers but not 
when from healthy tubers. Possibly the discoloration of net-necrosis is 
due to an accentuation of a normal tendency of the potato tuber tissues to 
darken upon exposure to air. Darkening has been attributed by Barthol¬ 
omew (4) in the case of blackheart to melanin or hmnin formed by the 
interaction of tyrosinase and tyrosin in the presence of oxygen. It 
may possibly be due, in net-necrosis, to identical or similar physiological 
changes resulting from, or productive of, leafroll infection. This is in¬ 
dicated by the finding of tyrosinase in greater quantities in leafroll 
tubers {8). 

REUAtlON OF NEt-NKCROSIS TO SPINDUNG-SPROUT 

In the preceding sections of this paper evidence has been submitted 
indicating that net-necrosis of one kind is a symptom of leafroll infection. 
It may be a cause of spindling-sprout, and the latter may thus become 
a symptom of leafroll. Spindling-sprout was .distinctively pronounced 
in the net-necrosis half of the tuber shown in Plate 5, A. It was 
consistently characteristic of the net-necrosis tubers selected from lot 
V-X48, sublot 3, of Table VIII, half of which sublot is shown in Plate 
12, A, and was accompanied by a reduction in the number of lengthened 
sprouts. Such reduction in length is also apparent to some extent in 
sprouts of the companion sublot 2 from leafroll hills, but they show no 
decided spindliness (PI. 12, B). Plate 3, B, depicts the appearance of 
representative tubers from the two groups shown in Plate 12, A. Plate 
4, A, illustrates the accompaniment of net-necrosis and another leaf- 
roll symptom—^namely, maintained rigidity of the tuber—^by spindling- 
sprout in diseased tubers kept with healthy ones in an uncooled room 
from June i to August ii. The type of spindling-sprout caused pre¬ 
sumably by net-necrosis has been described also by Stewart and Sirrine 
p, 140-141) and other types with apparently different causes by 
the same writers (23), by Coons (7, p, 29), and by Haskell (10, PL ij, 
Fig, B), 

RELATION OF EEAFROEE TO MOSAIC 

As indicated previously, Quanjer considers that both mosaic and 
leafroll are virus diseases. The writers, are of the sarne opinion. That 
is, they consider both to be transmissible or infectious diseases for which 
no pathogene or other' cause has been isolated or synthesized^ 

Regardless of such similarity between the two diseases, it appears to 
the writers unwise yet to regard the behamor of one as indicating exactly 
what that of the other will be, at least in c.>mmercial fidds. Each va¬ 
riety of potato commonly grown in Maine apparently differs in suscepti¬ 
bility both in regard to the two diseases and in comparison with the other 

Sucli isdatioa or syntlsesls apparently'Will be nece^ry before it will be. 'decided wbetber tbe conyea* 
lent tmn ' repttsents an.’idtimmcroacopic org^oism nr a,a wxym. Tbe two sldespf tbe coatroyers.y 

are'represented by Allard ?) and CbapatanTj).. ’ ' . . 
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varieties respecting either disease. The Irish Cobbler is the only one 
which in commercial fields often shows more than a trace of leafroll in 
northeastern Maine, and it seldom shows more than a trace of'mosaic, 
while the Green Mountain and Bliss Triumph varieties are seldom found 
with only a trace of mosaic. 

RELATION OF LEAFROLL TO CLIMATE 

The Bliss Triumph variety contracts leafroll readily on Bong Island 
and in Bermuda, in contrast to its behavior in northeastern Maine (24). 
This and similar differences between other geographical regions in regard 
to the rapidity of the spread of leafroll have been attributed to climatic 
differences. The question also arises whether or not greater prevalence 
of sources of infection, the importance of which is suggested by Murphy 
and Wortley (14), may be the chief or only cause of more rapid increase 
of leafroll in some regions within any given variety. As far as is now 
known, the greater prevalence of sources of infection on Long Island or 
Bermuda may now be the more important factor in the greater spread of 
leafroll there, with greater abundance of aphids helping both now and in 
the past to increase sources of infection. Climate, in turn, may differ 
enough to influence the abundance of aphids. In Virginia they ate 
abundant in the mnter (21) when entirely absent in Maine, except in the 
egg stage; and it seems probable that in sections intermediate as to cli¬ 
mate their season begins earlier than in Maine and that they have greater 
opportunity to become numerous upon potatoes and to spread leafroll. 

Whether or not the relative abundance of aphids is an important factor 
can be tested best by experiments in which parts of the same stock are 
grown at two or more places with surrounding conditions similar in 
regard to leafroll. The prevalence-of-source explanation is not necessa¬ 
rily supported by the less rapid spread of leafroll in Maine, as compared 
with that of mosaic, from diseased plants to those near by. It is possible 
that more severe inoculation by aphids is required to transmit leafroll 
than to transmit mosaic, and that these insects are abundant enough on 
Long Island and Bermuda to spread both diseases readily, but usually 
not in Maine. Inoculation of'bruised leaves with virulent juice has 
proved far easier' with mosaic than with leafroll. - Aphids when intro¬ 
duced artificially have transmitted leafroll within the Green Mountain 
variety about as readily as they have mosaic (p^ 59 Table III), On 
the other hand, natural field inoculation by aphids in northeastern Maine 
evidently would be greater, evenior mosaic, if there were more aphids. 
Hill selections made forireedom from mosaic in partly diseased fidds in 
the'valley of the St. John River in Maine ordinarily have given more 
satisfactory results than those made in the same manner in fields near 
Presque Isle, in correlation with less prevalence of aphids as indicated by 
counte' made 'On. leaves taken at random, at the same time of year. Also, 
the number', of nphids in Maine ordinarily 'is small enough for interseasoi^ 
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variation to have a marked influence upon the spread of mosaic (ig, 

Reduction of the spread of leafroll by shade, in comparison with the 
spread in drouth conditions, has been reported by Wortley (24, p. 5I9)» 

It seems possible that aphids might be more restless and inclined to dis¬ 
perse from plant to plant in drouth conditions and that their dispersal 
might be reduced in shade conditions by a fungous disease. Such a dis¬ 
ease has been noted in Maine by the writers as being more prevalent in 
insect cages than in the open field during sunny weather and as practically 
eradicating an abundant infestation within a few days of cloudy weather. 

It may be suggested that the normal weather conditions of northeastern 
Maine specially favor any fungous disease of aphids, even as they favor 
the growth of the potato plant and the development of its important 
malady, the late blight {Phytophthora infesians de By). 

CONTROL OF LFAFROLL 

Roguing tests were begun in 1919 in order to ascertain whether or 
not it was possible to free infected potato' stock from leafroll plants. 
Two stocks, lots 20 and 21 of Table XIII, have been grown upon the 
experimental plots in, northeastern Maine since 1916. They , were at 
first a single healthy stock which did not yet contain any leafroll plants 
in 1918 when it was divided and located in two rows next to a 100 per 
cent leafroll row. It was exposed to heavy aphid infestation in 1918, 
and in 1919 it developed leafroll in 5 per cent of the plants from one row 
and in ii per cent of those from the other. In 1919 a part (sublot i) 
of each of these i-row lots was rogued, while another part (sublot 2) was 
not rogued. That season these lots were again located, as indicated, near 
or next to wholly leafroll stock, and numerous aphids, though not so many 
,as in 1918, appeared during the latter part of the season. At harvesting.x^ 
time only tubers of approximately 4 ounces and more were selecteST 

Tot 22 as noted w^as taken from a commercial field .having 14 per cent 
leafroll infection.' This field is located.fully half a mile from the experi¬ 
mental plots on which lots 20 and 21 were grown. It happened that 
aphids' 'were very' scarce there, only a few individuals to a plant being 
noted late in the season. Part of this stock was rogued and designated 
as sublot X, while sublot 2 of this same stock 'Was not rogued. The 
selection, of tubers was the same as for lots 20 and 21.. Observations on 
these lots are reported in Table XIIL 

In view, of the varying conditions obtaining in connection with the 
different lots described in Table XIII, it will be impossible to consider 
that a'Single factor caused the differences in'leafroll p'crcentages in 1920. 
Apparently:."selecring Tubers in 1919 reduced the''leafrOll'''''perc'en 
the unrogued 'sublots'.'pf lots 1919-21 .and 1919-22, while such ;an''':effect 
was prevented in lot^ 191,9-20 by greater proximity to' aleafrO'll .row.' .'''"In, 
sublot I of lot i9i'9~2o '.roguing;:pre%nted!';an', increase'inrieafrolh,,p€r- 
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centage which resulted in sublot 2, in spite of tuber selection, from 
proximity to a source of virulent aphids. In sublot i of lot 1919-21 
roguing produced a greater reduction in ieafroll than in sublot i of lot 
1919-20, apparently because of a greater distance from entirely Ieafroll 
stock. 

Table XIII .—Effect of roguing upon percentage of Ieafroll 


Lot No.«^ 


First season. 

Second season. 

Variety. 

■ 

location. 

Per- ! 

centage 1 Sublet 
of leaf- 1 No. 
roll. ; 

Rogu- 

ings. 

Total 
number 
of hills. 

Per¬ 
centage 
of hills 
Ieafroll. 

191S-4 

1919-15 

1919-20 

1919-21 

1919-22 

fBliss Tri- 
\ umph. 
[Green 
\ Mountain. 
/Irish Cob- 
1 bier. 

1*. 

.. .do. 

Aroostook Farm plant- 
disease plot, tworows- 

Aroostook Farm plant- 
disease plot, one row. 

Aroostook Farm next 
all-leafroll row, 
[Aroostook Farm third 

1 row from all-leafroll 
[ row. 

Commercial field. 

} W 

} 5 
} S 

1” 

14 

{ ^ 

I 

0 

1 

0 

2 

0 

2 

i 0 

I 

0 

h 332 

1,641 

1,489 

1*254 

954 

954 
639 
, , 637 

2 

8 

0 . 2 

4 

4.7 

10 

•S 

3.'8 

0 

s 

.. .do. 




» The year of planting (first season) is given as part of the lot number. 

* Rogued so late (August i6) that hot weather and age caused many undoubtedly healthy hills to look 
as if possibly Ieafroll. 


It is noteworthy that in lots 15 and 22 Ieafroll was entirely eliminated 
from sublot i by a single roguing. The marked reduction of Ieafroll 
in sublot 2 of lot 22 apparently was due to a large percentage of the 
Ieafroll vines producing tubers weighing less than 2 ounces and to the 
selection of large tubers together with the scarcity of aphids in this field. 
Hence it appears that Ieafroll may be efiminated from infected stock by 
roguing, provided that such stock is not in close proximity to Ieafroll 
vines infested with aphids, and may be reduced by discarding small 
tubers. This means that in northeastern Maine Ieafroll may be com 
trolled more readily than mosaic of potato (19, p, 2^0), Whether this 
is due to less prevalence of diseased plants or to less susceptibility under 
the existing,, conditions of aphid infestation remains to be determined 
by further investigation, , In either case it would not be advisable to 
expect similar results elsewhere where either diseased plants or aphids 
are more numerous. 

From the data on hill selections (p. 53)'it is apparent that,this method 
of, selection does not necessarily insure stock free from Ieafroll if such 
selection is practiced near Ieafroll plants infested with aphids. Hence,, 
in, view of the fact that elimination of Ieafroll hills from the seed plot by 
roguing appears to be fully as effective as.hill sdection, the former method 
of eradication seems the, more desirable one. ' From thexesults on aphid' 
transmission, it is very ,evident that'the' earlier„,the^'diseased plantSi are 
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removed from the seed plot the less chance there will be for infection 
from such plants. This is more particularly the case in those sections of 
the country where aphids become very numerous relatively late, in the 
devdopment of the vines. Furthermore, isolation of the seed plot from 
diseased plants in adjoining plots or fidds also will contribute to the 
effectiveness of roguing. 

SUMMARY 

(1) Potato leaf roll of the apparently nonparasitic transmissible type^ 
also called phloem-necrosis, is probably as widdy distributed over the 
earth as are potatoes. Its exact geographical distribution is'difficult to 
ascertain, however, because of the present impossibility of easily identi- 
f}ing it by the isolation of a pathogene or other cause and because of 
the resulting tendency to apply the name to unrdated diseases with 
somewhat similar symptoms. The same may be said of net-necrosis 
and spindling-sprout. 

(2) The chief and perhaps the only manner of transmission from season 
to season, in the soil or dsewhere is by means of tuberi' from diseased 
plants. 

(3) Leafroll usually reduces the yidd considerably, and, inasmuch as it 
is inheritable, it decreases the value of the tubers for seed. It msLj also 
lessen the value of the tubers for other purposes. 

(4) Teafroll is transmissible from one plant to another by means of 
grafting dther tubers or stalks and by means of aphids. 

(5) Net-necrosis is apparently a leafroll symptom, bdng a discolora¬ 
tion which results from tuber phloem-necrosis and w’^hich appears more 
often as conditions of variety, recency of infection, and weight of tuber 
are more favorable. It devdops in the dormant tubers without rdation 
to differences in the storage temperature. When it occurs as a symptom 
of leafroll, the effects of the latter are still more detrimental, one being 
a decided'spindliness of the sprouts. Transmission and control of leaf-' 
roll are thus concerned indirectly with net-necrosis and spindling-sprout. 

(6) Leafroll and mosaic are somewhat similar types of diseases. 

(7) Inter-regional differences in the spread' of leafroll may depend 
upon differences in dimate and in the abundance of aphids. 

(8) 'Roguing has proved' to be much more effective in eliminating leaf » 
roll than it has been for mosaic, at least in northeastern Maine. 
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PI<ATE I 


A. -~Creeii Momtaiii potato plant, produced by a net-necrosis tuber and'showing 
leafrolL For healthy plant in the same hill lot, produced by a healthy sister tuber 
see B. 

B. —Healthy control to leafroll plant ^owu’ in A. 
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PLATE 2 

A. --*Greeiilioiase>growii progeny of a net-necrosis tnber from Green Mountain stock 
(lot 1919-125 of Table VI) showing net-necrosis and leafroll the preceding season, 

B, —^Ttiber with part of stem end cut away to show net-necrosis. (From lot ipao-V 
of Table VI). The two deep holes are due to elimination of the effect of insect 
injtiry. 







PI.ATE 3 


A, —^Met-necposis tuber with part of stem end and side sliced off. 

B. ’—New White Hebron potatoes from the same lot, representative of healthy and 
net-necrosis tubers of this variety. Note spindliness and scarcity of sprouts from the 
net^neciosis tuber, (See Pi. 12, A.) 










PLATE 4 

A. —Green Mountain tubers kept in the same sack in a warm room, from Jtme i to, 
August II ,1919. Tbe middle one had no net-necrosis and is withered, soft, and bearing 
normal sprouts. Tlie others had net-necrosis and are smooth, firm, and bearing 
spindling sprouts. 

B. —Frost-necrosis of the net type,produced by measured exposure to low tempera¬ 
ture. Thin slices of Green Mountain tuber cut off to increase the visibility of the 
injury. 

C. —Greenhouse-grown plant produced by a net-necrosis tuber (lot 1920-G'of Table 
VI) and showing spindliness and slight leafroli. 




PLATE 5 

A. —^Tuber ivitli spindling sprouts coining from tbe part wMch later was founds by 
cuttings to be alfected with net-necrosis. 

B. —^Two lealroil Green Motmtain hills in the same hill lot, the one on the left pro¬ 
duced by a half of a net-necrosis' tuber and the one on the right produced by a half 
of a sister tuber that transmitted leafroll but showed no net-necrosis. 
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Plate 6 






PLATE 6 

A,—Leafroil tuber unit, Green Mountain variety, with net-necrosis stem-end 
<|uafters planted at the left. Photographed July 9, 1919, in northeastern Maine* 
(Lot II of Table VIII.) Note the smaller size and less advanced stage of the plants 
from the quarters affected with net-necrosis. 

—Irish Cobbler branch with leafroll in top, from bud of originally healthy stock 
near* leafroll scion. For control grown in the same hill but ungrafted, see C. 

C.—Branch from ungrafted stalk. Control in same hill as the branch shown in 




PLATE 7 

A. —^N’et-necrosls Green Moimtam stock (xgi&-Qoi Tables II and VI), photographed 

August 4, 1916, in sotithem Maine. ' . " 

B. —^Net-necrosis Green Monntain stock (i9i6~’B of Tables II and VI), photographed 
August 4, 1916, in southern Maine. 

C. —^Net-necrosis Green Mountain stock (lot I9i7-"S, sublot 3, or 1917-A, sublot 3, 
of Table VI), in the foreground and healthy stock of different origin in the background, 
both grown under the same conditions. Photographed June 27, 1917, in north-, 
eastern Maine, when the season was not yet advanced enough for leafroll to be most 
marked. 
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PLATE 8 

A. —Leafroll stalks from Irisk Cobbler balf ttiber bealtby when grafted upon leaf-* 
roll half ttiber. Removed from field to secure better pbotograpliic facilities' and to 
ascertain absence of parasitic injtiry. For control, grown fiom other half of the same 
tuber, see B. 

B. —^Healthy control to plant shoTO in A, ■ 




PLATE 9 

A. —Second-generation Green Mountain plant, leafroll as result of apLid inoctiIa» 
tion of first generation in field insect cages. (See Table IIL) For healthy control 
from the same stock, see B. 

B. —^Healthy con'trol to plant shown in A. 












PLATE lo 


Irisb, Cobbler greenliotise-gro\\’ii plants from halves of the same tuber. ' The one on 
the right has leafroll dtie to inoculation mth aphids from a diseased plant. Its greater 
height is due to the seed piece having earlier sprouts. The control on' the left was 
fed upon by aphids from mustard plants but remained healthy. 



PLATE II 

A. —Second-generation progeny of uninociilated control shown in Plate lo, 

B. —Second-generation progeny of inoculated stock shown in Plate lo. 

















PLATE 12 

' A.—^New White Hebron tubers from 1919 hills next to leafroll ■ hills in the 
same row. (Half of lot V148, sublet 3, of Table VIII.) Examined for net-necrosis and 
photographed in the last week of May, 1920, in northeastern Maine. The group on 
the right showed net-necrosis, spindling-sprout, and reduction in the number of 
sprouts and produced leafroll plants. Representative tubers from the two groups 
areshowninsectioninPi.3, B. From same stock and row” as tubers of PI. 12, B. 

B.—New, White Hebron tubers from hills leafroll throughout 1919. (Lot 
V148, sublot 2, of Table VHI.) Examined and photographed in the last week of May, 
1920, in northeastern Maine. From same stock and row as tubers of A, and 
like them showed suppression of sprouts, but in contrast showed no net-necrosis or 
spindliness. 





GROWTH AND SAP CONCENTRATION ^ 

By Howard S. RbSd,® Professor of Plant Physiology, University of California 

Chandler {if found that trees making rapid growth had lower sap 
concentration and that slower growth of the tree was accompanied by 
higher concentration. Trees which made rapid growth as a result of 
severe pruning in the preceding winter had a lower concentration of 
sap than trees which had been lightly pruned. During the summer 
season the concentration of the cell sap was lowest near the ground and 
highest in the upper part of the tree. Although Chandler's method 
of preparing the samples for freezing-point determinations has been 
adversely criticized, one must acknowdedge the advance he made in our 
knowledge of sap concentrations in fruit trees. 

Dixon and Atkins (5) observed that the sap of young leaves of various 
plants had, as a rule, a low’^er osmotic pressure than sap from mature 
leaves. 

Lutman (10) has determined the freezing-point depressions of the sap 
of the potato plant with reference to its growth cycles. The variations of 
concentration seem to be related to the development and rate of growth 
of the plant. 

The seed tubers vrhen taken from storage had a relatively high osmotic 
pressure,, but as water was absorbed the osmotic pressure dropped. As 
the age of the plant increases its osmotic pressure increases on account 
of the accumulation of inorganic salts in its cells; but when senility begins, 
the osmotic pressure drops, because of the loss of soluble materials. Tn 
the young plant the leaf sap is more concentrated than the stalk sap, but 
after the flower buds are put out and the tubers begin to grow, the stalk 
sap is more concentrated. With the advent of cool, rainy .weather later 
in the season the leaves begin to grow again and their sap concentration 
is greater than that of the stalks. Shading the potato plant diminishes 
the osmotic pressure of the leaves and stalk. 

Synopses of the earlier literature' dealing with cryoscopic methods and 
with the relation of the physical environment to the concentration of 
the cell sap will be found in the summaries piepared by Dixon (2), Hib¬ 
bard and Harrington (7), and Harris and Lawrence (5). 

^ Paper No. 71, University of California, Graduate School of Tropica! Agriculture and Citrus Experiment 
station, Riverside, Calif. 

® It is a pleasure to acknowledge the aid which has been rendered by those associated with the progress 
of this work. The author's thanks are due to Messrs. E. C. Masters, R. H. Holland, and F. F. Hahna. 

® Reference is made by number (italic) to " Literature cited/' p. 9S. 
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METUODS OF EXPERIMENT 

The methods of preparing and examining the material have been 
adapted to the needs of the work here reported. As the work of making 
several htindred determiiiations progressed, a rontine procedure was 
followed which stabilized, if it did, not remove, the sources of error. 
The chief object of this work has been to study comparative concentra¬ 
tion of sap as related to the growth rate. The results obtained, though 
not free from error, are comparable with each other and give a satisfac¬ 
tory picture of an important physiological relation. 

The plant material w'as collected in the field and packed at once in a 
tight container. For small samples, the container was a quart fruit jar 
with a screw top. For large samples, especially constructed steel cylin¬ 
ders, 6 inches in diameter by 14 inch tall, w^ere used. The open end of 
the cyhnder was promded with an accurately fitting metal cap and rubber 
gasket. The cap, could be drawn down tightly on the rubber gasket by 
means of three bolts, and the cylinder was thus effectively sealed. 

The samples were always collected between 9 and 10 o'clock in the 
forenoon, in order to avoid the possibilit}'' of diurnal fluctuations in con¬ 
centration. As soon as filled, the containers were brought to the labora¬ 
tory and packed in an ice-salt mixture for the preliminary freezing "which 
killed the protoplasm and increased the permeability of the material. 
The supply of ice and salt was renewed as occasion required. The con¬ 
tainers remained in this mixture for 18 to 24 hours, to insure complete 
freezing of the material. When the containers were removed they were 
washed to remove all adhering brine and wiped dry. The material was 
removed and ground in a small hand mill and then pressed in a strong 
screw press. Not more than 20 minutes were required to grind a sample 
and express the sap. The mill and press were heavily tinned, and there 
was no apparent corrosive action of the plant juices on any part of them 
after continued use. 

The expressed sap was received in small bottles m^hich were closed with 
rubber stoppers and placed on ice, in case the sap was not to be imme¬ 
diately used. Samples which had stood for more than two or three hours 
were'discarded. In spite of these'precautions, there was'some oxida¬ 
tion of the plant saps and probable change in concentration; but the 
error, if any, due to such changes -was shared to approximately the same 
extent by all samples and is not believed to vitiate the results. 

, The freezing point of the sap was determined in the' usual freezing 
apparatus with the use of a Beckmann thermometer. At leasttwo deter¬ 
minations were made upon each sample, and the average of closely agree¬ 
ing duplicates 'W^ taken''as theireezing point.' The O'Stn'otic' pressures 
were calculated' by the method given by Harris and Gortner (4). 

The rate'Of g'rowth of, the trees was,obtained by measuring the length 
'of certain selected shoots ^ at intervals of seven days. ,'Each shoot' bore a 
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numbered tag and was marked near the base with a line of India ink. 
The distance from the basal ink mark to the tip of the shoot was easily 
determined and recorded for each shoot. 

GROWTH INCREMENTS ANB SAP CONCENTRATION OF YOUNG \¥AENUT 

TREES 

Determinations on the concentration of the cell sap of yotmg walnut 
trees {Jtiglans spp.) were made at frequent intervals and compared 
with the increments in mean height of similar trees growing in the 
same rows. The measurements given in Table I were made upon a 
population of /. regia trees, of which the majority w'ere propagated 
upon /. n-igra rootstocks and the remainder on a variety of J, regia 
knowm as ‘‘Hardshell.” The trees from which the material for inves- 
tigation was taken were in their second season's growth. They stood 
in the nursery row in a fertile soil and were artificially irrigated. The 
first samples for determinations w'ere taken June 8 and the last on 
November 12. 

The growth rate of a portion of this group of walnut trees has been 
discussed in a recent publication (la) and has been shown to follow the 
course of autocatalytic reactions. 


Tabus I.— Mea7i growth increments and conceniraiion of cell sap oj walnut trees 


Date. 

Mean 

height. 

Increment 
of growth 
during 
preceding 
week. 

Osmotic 
pressure of 
cell sap. 

June 12 

Cm. 

62.6 

Cm. 

12. 6 

Atmospheres. 
16. 5 

19 

66.6 

4. 0 

13 * 5 

26 

73*7 

7.1 

lA 4 

July 4 

S7.2 

13*5 

9 - 7 

II 

100 8 

13.6 

II. 4 

23 

125.9 

0 15.0 

10, 4 

30 

136.7 

10. 8 

10.8 

Aug. 6 

147.6 

10.9 


13 ! 

153*4 

5 -S 

17. 8 

20 j 

« 160. 9 

“ 7 -S 



168. 4 

“ 7 -S 

12. 5 

Sept. 4 

I 176.7 

8.3 

9.2 

10 

184.2 

6 8.7 

8.9 

17 

i 188.1 

3-9 1 

10. 2 

24 

191.3 

3-2 j 

18.8 

Oct, I 

1 194-6 

3-3 i 

II. 7 

8 

196.8 

i 2. 2 i 

20. 9 

IS 

i 199- 0 

2, 2 i 

13*2 

22 

199. 7 

' 0.7 , 

17.1 


201.2 

I* 5 ' 

3 ^ 3-5 

Nov. 5 

i 201, 2 

0. 0 ' 

24,4 

1 


“ Interpolated values. I" Calculated to ;-day basis. 


29668“—21 - 7 
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The samples collected for freezing-point determinations always con¬ 
sisted of the total growth of a shoot of that particular season {ab miiio) 
and included both stems and leaves. Toward the end of the growing 
season the stems were large and woody; nevertheless they were ground 
in the handmili and pressed like the other material Most of the sap 
so obtained came undoubtedly from the cortical layers of the stems. 

By referring to Table I the reader will see the nature of the results 
obtained in this work. The table shows the mean height of the trees 
(from the basal ink mark), the height increment from the preceding 
measurement, and the concentration of the cell sap expressed in atmo¬ 
spheres of osmotic pressure. The mean height increased from 62 cm. 
on June 12 to 201,2 cm. on October 29. The increments (calculated in 
each case to a 7-day basis) were far from uniform, ranging as they do 
from 0,7 cm. to 15 cm. The atmospheres of osmotic pressure of expressed 



sap range from S.9 to 24.4. Thus it will be seen that tliei'e are periodic 
variations in the concentration of the cell sap and in the growth rate 
from week to week during the season. The maximum growth rate was 
obsen^ed during certain weeks in July, and the maximum osmotic pres¬ 
sure of the cell sap was obsen^ed near the end of the growing season- 
It is somewhat difficult to get a comprehensive idea of the relation¬ 
ship between growth and sap concentration from the array of figures 
given in Table I. , It will be better to investigate the nature and amount 
of the mathematical correlation between the two sets of values. There 
are 19 observations in wffiich both the increments and sap concentration 
were determined. While this number is rather scanty for determining 
correlation), the regression is remarkably linear (fig.n), and it is believed 
that the correlation coefficient is trustworthy. The coefficient of corre¬ 
lation between the two variables is —0.557+0.113. The, negative 
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correlation shows that when growth is rapid the sap concentration is 
lower and when gro-wth is slower the sap concentration is higher. 

These conclusions may be verihed by inspection of the figures in Table 
L For example, an increment of 15 cm. in the week ending July 23 
coincided with a sap concentration of 10.4 atmospheres, while smaller 
increments coincided usually with higher sap concentrations. The 
small growth increments in the latter part of the season are accompanied 
by the highest concentrations of plant sap. The concentration of 
solutes in the sap tends to increase with age of the leaf, as Dixon and 
Atkins (3) discovered in the study of Ilex. 

GROWTH INCREMENTS AND SAP CONCENTRATION OF YOUNG 
APRICOT TREES (191S) 

The question of sap concentration in shoots of young apricot trees 
in relation to growth was also investigated. The trees from which the 
material was obtained had been gro\wng in the orchard two years when 
these studies were started. Soon after the season's growth beganj 70 
young shoots were selected and marked with labels. An India ink 
mark was made near the base of each shoot, from which length measure¬ 
ments were made at iiiteiwals of seven days. At the time of making the 
measurements here recorded a sample of shoots was collected from adja¬ 
cent trees, and these samples v/ere used for deterniiniiig the sap concen¬ 
tration. The samples consisted of entire shoots of that particular 
season’s growth. The stems and leaves were ground together, and the sap 
was expressed. The samples were given a preliminary freezing and 
w^ere treated essentiall}" as the walnut samples were treated. 

The growth and sap concentration determinations made in 191S upon 
apricot shoots are given in Table 11 . It will be noted that where the 
inter\mls were not exactly seven days the increments were calculated to a 
Y‘day basis in order to make them comparable. It will be noted that the 
rate of growth was greatest at the outset of the obsenmtions and dimin¬ 
ished \nth several fluctuations to the end of the growing season. Certain 
dynamical aspects of this growth rate have been discussed in a separate 
paper (11) though the studies there related were based upon another set of 
measurements. 

The concentration of the cell sap (expressed in atmospheres of osmotic 
pressure), although subject to some fluctuation, increased as the season 
advanced. The lowest concentration was observed on May 21 and 
the highest on October 31. The average osmotic pressure, expressed 
in atmospheres by months, is: May, 11.84; Jtme, 13.66; July, i4«34; 
August, 15.04; September, i5.i8;"October, 16.48. Table II shows that 
the concentration of the sap, which was 12.71 atmospheies on May 2, fell 
to 10.87 three weeks, simultaneously with rapid elongation of 

the shoots. The concentration at once began to rise and went'up, with 
some irregularities, to 18,90 atmospheres on October 31. 
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Table growik htcreynenis of shoots mtd concentration of sap of apricot trees 

(igi8) 


Date. 

Mean length. 

Increment of 
growth dur¬ 
ing preceding 
treek. 

Osmotic pres¬ 
sure of cell 
sap. 


Cw. 

Cm. 

Atmos¬ 

pheres. 

May 2 

45*0 

19.0 

12. 71 

S 

60.6 

618.2 

II. 

1 ^5 

74 I 

13*5 

II. 99 

21 

83-9 

6 ir. 4 

10. 87 


92.4 

67.4 

II. 95 

1 June 7 

103,9 

69.0 

12. 30 

1 12 

105.9 

62.8 

14. 96 

19 

108. 5 

2.6 

13* 52 

26 

113.0 

,45 

13. 86 

July 3 

122 .6 

68.4 

13. 66 

10 

1342 

11,6 

14. 24 

17 

143 - 3 

9-1 i 

16,05 

24 

148. 0 

47 1 

IS- 28 


1 ^ 55-1 

t 7 * I . 

12. 47 

Aug, 7 

162, 2 i 

1 7.1 : 

! 14. 87 

14 

1 167.4 : 

I 3*2 

1 14.88 

21 ’ 

j 170.0 

; 2.6 

! IS* ^7 

2S 

1 ^ 73 ". 9 

! , 3*9 

! 15.28 

Sept. 5 

{ ^ 184 2 

j & 9 .1 

^5* 54 

12 

; 1S9.3 

5* 2 

16. 42 

19 

i 192.3 

3-0 

13. 46 

26 

196.7 

; 4.4 

1 iS* 30 

Oct. 3 

199*3 

! 2.6 

1 IS* 64 

9 

201.0 

^ 2. 0 

1 14 52 

16 

203.2 

: 2.2 

14 99 

23 

204. 6 

* , 4 

iS. 36 

! . 

206. S 

j ^ I. 9 j 

18.90 

! Xov. 6 

; 207.3 

! 

i -5 

17. 66 


^ Interpolated value. Caloxlated to j-day basis. 


The degree of association between the amount of growth in a week and 
the concentration of the cell sap at the end of that week is more succinctly 
expressed by the coefficient of correlation, which was found to be 

r= —0.613 ±0.079. 

This coefficient is of sufficient magnitude to express a strong negative 
correlation between grorvth and sap concentration. The regression of 
the two variables is approximately linear (fig. 2), though there is a 
marked tendency for the points to scatter. These determinations are 
based on 28 observations, however, and are regarded as somewhat more 
reliable than those for the walnut trees. 

These observations, made at frequent intervals throughout a growing 
season, show that rapid growth is marked by a lower sap concentration 
and vice versa. In material of this kind, the concentration of the cell 
sap is probably due mostly to sugars and other organic compounds. 





Apr. 1,1931 


Growth and Sap Concentration 



EFFECT OF PRUNING UPON SAP CONCENTRATION 

Tbe results obtained from determinations on the walnut and apricot 
trees are interesting and seem conclusive so far as they go, but they raise 
other questions which seem worthy of study. 

In pursuance of these inquiries, determinations were made on the same 
block of apricot trees throughout the season of 1919. The growth and 
sap concentration were determined on two lots of trees, one of which is 
heavily pruned each i^dnter while the other is not pruned at all. Need¬ 
less to say, the growth of indmdual shoots on the heavily pruned tree, 
was much greater than that of shoots on the unpruned trees. 

The mean length of shoots was determined at weekly intervals, as- 
before. In the beginning, 50 shoots were selected on each lot of trees, 


immiy/Mm£M£Mrs vf emwTMfmcEMrmEiE^ 



Fig. 2,—Graph showing regression of osmotic pressure on growth increments of apricot trees (1918). 

but, as a result of breakage and other accidents, a number had to be 
eliminated. The computations are based on 33 shoots on the unpruned 
trees and on 28 shoots on the heamly pruned trees. The evaporating 
power of the air was determined by the evaporation of distilled water 
from a white, spherical atraometer bulb supported on a stand 5 feet 
from the ground in the center of the orchard. ■ The average daily tem- 
perature was taken from the Riverside official reports, which were 
obtained from standard instruments located about 2 miles distant. The 
soil moisture was determined from composite samples taken to a depth 
of 3 feet throughout the'area occupied by the trees in question. The 
sap concentration was determined by the depression of the freezing 
point. 

A summary of the several factors is shown in Table III. 
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Table: III-— Gmixdh mid sap concmtraiion of prwied and unpmned apricot frees (igiQ)^ 
ititk comparison of three environmental factors 


1 

i 

i 

Date. 1 

1 


E'vaporation. | 

Mean 

daily 

tem¬ 

pera¬ 

ture. 

Water 
added-0 

Soil 

mois¬ 

ture. 

Shoots on pruned 
trees. 

Shoots on unpnmed 
trees. 

j 

Time, j 

1 

I 

Per 

week. 

Per 

day. 

Mean 

length. 

Incre¬ 

ment 

of 

growth 

during 

preced¬ 

ing 

week. 

Os¬ 

motic 

pres¬ 

sure. 

Mean 

length. 

Incre¬ 

ment 

of 

growth 

during 

preced¬ 

ing 

week. 

Os¬ 

motic 

pres¬ 

sure. 






.4rf£:- 

Per 



Atmos- 



Atmos- 


Days, 

Cc. 

Cc. 

®F. 

inches. 

cent. 

Cm, 

Cm, 

pheres. 

Cm. 

Cm. 

pheres. 








23 



9 






*■0 








8 









60 


IV ^2 


6 




iSS 



r 0. S2 


73 


It. 72 

29 




2$ 


27 

61 

13.40 


S8 

IS 

ir. 00 

34 

s 

14. «;2 


35 ' 

267 

sS 

6^ 


102 


ir- 3S 

42 

8 

115. QO 

4 ...i 


246 

35 

e's 

r . 72 

9. iS 

113 

ir 

II. 60 

SO 

8 

IS* 19 

.. j 

49 

2!;s 


67 


g. 43 

121 

8 

12. 75 

^7 

7 

13. 07 


s6 





S. 56 

132 


13. 01 

63 

6 


. • . . • • 

63 

4SS 

; 6s 

72 


S.39 

142 

10 

13. 82 

68 

S 

t6.ys 

.. ... 

69 

i 366 

‘ 61 

69 

i . 

S-17 

148 

6 

15. 27 

71 

3 

17.43 

25 . 


i SoS 

‘ lOI 

Si 


7> 5.1 

156 

8 

14. 76 

77 

6 

IS” 94 

|r,Ir 2 . 

S’* 


■ 64 

73 


6. 7S 

163 

m 

16. 60 

79 

2 

17.88 


OZ 

1 595 

1 <CI 

i S5 



5- 60 

174 

XI 


82 

3 

rl 

SjS 

7S 


177 


15. 87 

83 

I 

10* 


:cs 

j 3'.^* 

1 7^ 

75 

i 2, 70 


1S2 

5 

IS” 77 

84! 

I 

2a 96 


112 


_ 

79 


7. 22 

1S6 

4 

iS* SI ! 

Ss 

I 

21. 81 

"6 . 

119 

! 

69 

i 

6* 02 

190 

4 

1 14- 09 i 

86 

I 

17.14 


i jz6 


76 



194 

£ 

87 

I 

4 

1 133 

1 4S3 

> -534 


79 

i 2. Si 

S- 4S 

197 

*1 

3 

; 16.3S 

88 

I 

19. SO 

C- . 


' 4S 



7-52 

200 

3 

i is. 58 

89 

I 

22, 04 

Sept. 3--- 

1 147 

1 2t3 

sS 

74 


6,0s 

203 

3 

i 17*03 

90 

1 

26.16 

34....., 

25S 

i 350 

' SO 

74 

i 2.62 


20S 

2 

j 19, 66 

94 

I 

ai. 94 

Oct. I . 

j 175 




, ri.37 








a . 

1 iBi 

1 =£0 

I 

72 

5*92 

I 210 

1 

1 22. 73 

94 

0 

19” 40 

i i 3- So 

31. ..... 

! -95 

i 1 

1 73 

f,6 

i . 5 . ! .1..._ i . 




1 i 


; 

1 : ^ ! 1 i 



" rain. 

irrigation water. 


The evaporation rate was at a maximum in Jime and July. During 
May the prevailing weather was cloudy, and the evaporation rate was 
thereby diminished. The mean monthly temperatures were as follows: 
April, 6i° F.; May, 65°; June, 74"^; July, 76®; August, 7 S^; and Septem¬ 
ber, 74®. 

The soil moisture diminished in quantity as the season advanced, in 
spite of the irrigations. The June irrigation was omitted on account of 
the ripening fmit. The figures show how the moisture content of the 
soil rose after, each application of water. 

The growth of the selected shoots on the pruned and on the unpnined 
trees was most rapid in the early part of the season. There were more 
or less distinct cycles of growth in each case, though they were more evi¬ 
dent in the case of the heavily pruned trees. The increments in mean 
length are reduced to a 7-day basis. The mean growing season was ap¬ 
proximately the same for each class of shoots, although the rate of growth 
of the unpruned shoots was very slow after the middle of July. Certain 
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dynamical features of the growth rate of these trees have been de¬ 
scribed in another paper (15) and will not be discussed here. 

The concentration of the cell sap of the two classes of shoots fell off 
somewhat after the observations were started^ then roscj although 0UC“ 
tuating^ toward the end of the growing season. The concentration of the 
sap of the slower shoots on the unpruned trees was generally higher during 
the season than that of the rapidly growing shoots on the hea\dly pruned 
trees, although at the end of the season the sap of the two classes was 
substantially similar in concentration. ThuSj both comparisons show 
that a higher concentration of cell sap is found in slower growing shoots* 



3.—Graph showing regression of osmotic pressure on growth mcrements of tmprtmcd apricot trees 

( 1919 ). 

In order to measure the association between growth and sap concen¬ 
tration I shall employ the correlation coefficient. 

The correlation between concentration of cell sap and increment in 


length is 

I.f——0.628±o.oS8 for heavily pruned trees. 

II....—o.823±o.o 49 for unpruned trees. 


Reference to figures 3 and 4 shows that regression in the pruned 
trees is fairly linear, but in the unpruned trees this linearity is doubtful. 
In the latter case, the significance of the correlation coefficient may be 
more apparent than real. 

It will be readily recognized that factors which contribute to the higher 
sap concentration of the unpruned trees are associated with the nature 
of the growth they made. Their slower growth and consequent dimin-, 
ished draft on the plastic materials of the tree should allow a greater 
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acctimnlatioii of soluble materials in their tissues. The smaller water 
cx3nteiit of the slow-growing wood also contributes to a higher concen¬ 
tration in the sap. 

The increased concentration of soluble materials in the sap of both 
classes of trees as the season advanced is to be referred in part to the 
foregoing factors and in part to the increase in soluble organic products 
of photosTOthetic actmty. With the increase in leaf area and the 
ad\'ance of the season there should be an increase in the content of soluble 
carbohydrates in the cell sap. 

The water content of the soil has an important influence upon sap 
concentration of the plant (compare Hibbard and Harrington, 7). There 
are numerous instances to be seen in the table where the sap concentra¬ 
tion fell after the application of irrigation water; but it will be noticed 
that the drop in sap concentration was not emdent until, in some cases, 



Fig. 4.—Grapli showing regression of osmotic pressure on growtli iacremeEts of pruned apricot trees (1919). 

one or two weeks after the application of water. As the season advanced 
the amount of water in the soil gradually diminished, in spite of the 
irrigation, and there is little doubt that the gradually diminishing water 
supply is to some extent causally related to the gradually increasing 
concentration of the plant sap through the season. It is difficult to 
express the relationship by a correlation coefficient because the regres¬ 
sion between the two pairs of values is not linear. After a certain 
moisture content (say that of saturation) is reached, a further addition 
of water would have no effect on the sap concentration of the tree. It 
may not, however, be entirely improper to attempt to express the rela¬ 
tionship as a coefficient of partial correlation, ff'his figure will express 
the relationship between growth increments and sap concentration, 
assuming the soil moisture to have been constant. In the case of the 
heaiily pruned trees, 
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Taking account of the moisture factor thus reduces the coefficient from 
“-0,628 to ■“ 0.525. 

SAP CONCBNTRATIOH IN APICAL AND BASAL REGIONS OF APRICOT 

SHOOTS 

Detenninations of sap concentration were made at weekly interi^ais 
between June 12 and December 4 in the leaves and steins of a lo-cm. zone 
at both base and apex of apricot shoots. The concentration, as deter¬ 
mined by the lowering of the freezing point, is shown graphically in 
figure 5. 

It will be seen that the sap in the apical portion of the stem was more 
concentrated than that in the basal region. Increases or decreases in the 



Fig. s.—G rapii showing seasonal variations in sap concentration in apricot shoots. 

0*“sap concentrarion of apical lo cm. of stems. 

A—sap concentration of foasal lo cm. of stems, 

Qwssap concentration of leaves from lo-cm. zone at apex. 

4- ““Sap concentration of leaves from locm. zone at base. 

one are approximately parallel to increases or decreases in the other. The 
greater divergence in the last obsen^ations is probably due to the dry 
condition of the samples and to the possibility of error in one or both 
determinations. In general, the difi'erences between results were suffi¬ 
ciently great to indicate differences well outside the realm of experi¬ 
mental error. 

The sap concentrations of the leaves from the different regions show 
no wide nor consistent differences, though there is a tendency for them to 
vary in opposite directions— that is, when one rises the other falls, and 
vice versa. In general, the sap concentration of the leaves was well above 
that of the stems at corresponding periods, a relation wffiich was pointed 
out by Heald (^). 
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Table IV ..—yieun and root-mcan-squ-arc deviations of sap concentration in apical and 
basal regions of apricot shoots 


Part of shoot. 

1 Mean sap 

1 concesitra- 
1 lion. 

Root-mean- 
square de- 
Tiation. 

St€2Ti, apical ... j 

'■ Aimospheres. 

\ 15- 83 

12. 59 

19-59 

18.93 

*>1 imosplieres. 
2. 06 

Stem, basal. . , ....: 

2 . 77 

Leaves, apical...i 

I. 74 

Leaves, basal... 

1.68 




The mean sap concentrations, shown in Table TV, bear out the facts 
represented by the graphs. The sap concentration at the apical end 
of the shoot was higher in both stem and leaf, although there is very 
little difference in the leaves at the opposite ends of the shoot. 

The root-mean-square de^dations show that the sap concentration of 
the stem had a greater tendency to fluctuate about its mean value than 
that of the leaf. This may be taken to indicate that the sap concentra¬ 
tion of the leaves tends to maintain an equilibrium which is not easily 
disturbed by fluctuations in the environment. The variation in the sap 
concentrations of the leaves from the middle of July on to the end of 
the season is within the range of experimental error. Other investi¬ 
gators have found that the young leaves on a plant had a lower sap con¬ 
centration than the older leaves. A similar condition may exist in the 
apricot tree, but it would require that one should carefully select the 
leaves in order to demonstrate it. At the time the foregoing determina¬ 
tions were begun on the apricots, the shoots had made two-thirds of 
their growth for that season. 

It thus appears that there is a gradual increase in concentration of 
sap from the base to the apex of a growling shoot. 

There is, in some quarters, a belief that the apical leaves on young 
shoots are meagerly supplied with solutes and that the practice of remov¬ 
ing the tenninal half of the young shoots is justifiable at any time after 
mid-sunnner. The determinations made upon these apricot shoots 
seem to speak against such a belief. From the middle of the summer to 
the first of December there -was little real difference in the sap concen¬ 
tration of the leaves at opposite ends of the new shoots. 

'The existence of a gradient in the sap concentration of apricot shoots 
was shown by determinations made on June lo, 1920, using a sample of 
young shoots having an approximate length of 120 cm. The leaves were 
removed and the stems were cut into four lengths of/30 cm, each. The 
sets were designated as A, B, C, and D. A designated the apical set 
of cuttings and D the basal set. 
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Sap-concentration determinations were made upon each of these sam¬ 
ples separately. The'concentrations expressed as atmospheres of osmotic 
pressure were as follows: 


. 13-^9 

B... II. Si 

C... lo. 97 

D.... 10.32 


CONCENTRATION OF SAP IN ORANGE SHOOTS AND EEA\'ES 

The leaves of the orange tree persist for more than one year. Xew 
shoots commonly arise from axillary buds and may attain considerable 
length before the subtending leaf falls. Determinations were made of 
the sap concentration in new shoots of the Washington Navel orange and 
of the old leaves subtending them. The leaves had grown to maturity 
in the summer preceding the appearance of the shoots and might be 
supposed to have some physiological relation to their axillary shoots. 



Pig. 6 .—-Graph showing seasonal changes in sap concentration in orange shoots and their subtending leaves. 
0=sap concentration of yotmg shoots. 

G=*sap concentration of the subtending leaves. 


There -was, however, no general relationship indicated by the sap con¬ 
centration of the ttvo members. Figure 6 represents graphically the 
changes in sap concentration of leaves and their axillary shoots from 
April 15 to October 9. During the first fetv weeks the sap concentra¬ 
tion of the stem appeared to fluctuate and reached the low point for the 
season about Hay x. From until October there was a general 
tendency for the sap concentration to rise, though not to so marked a 
degree as w'as seen in the apricot. Throughout most of the summer the 
concentration of the leaf sap was greater than that of the shoot sap. 
The mean of the determinations of the leaf sap was 18.4 atmospheres 
and of the shoot sap 17.3 atmospheres. 

The root-mean-square deviation of a series of values from their mean, 
as stated above, is an excellent measure of their dispersion. In this case 
the root-mean-square delation of the leaf-sap concentration is 1,21 
atmospheres and that of the shoot sap is 1.64 atmospheres. This shows 
that the concentration of sap in the leaves was subject to sHghtly lesS; 
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fluctuation during the period of the observations than that of the shoots. 
In all cases these leaves were not more than i year old and were perforiii» 
ing the functions common to orange leaves of their age. It seems diffi¬ 
cult to escape the conclusion that in some way the concentration of 
solutes in the leaves tends to reach and maintain an equilibrium ^ and 
that this equilibration occurs regardless of the variations in concentra¬ 
tion which simultaneously take place in the adjacent shoots. 

CONCENTRATION OF THE SAP IN VARIOUS LAYERS OF THE APRICOT 

SHOOTS 

The following osmotic pressures were found in a sample collected on 
June 27: mature leaves, 17.12 atmospheres; cortical layers of the stem, 
13.82 atmospheres; woody, subcortical layers, 10.21 atmospheres. 
These figures indicate that the sap of the wood is less concentrated than 
that of the leaves and are in entire agreement with those preAuously 
obtained. They show quite remarkable differences in the sap concen¬ 
tration of the different layers of the stem. The cortical layers (including 
the phloem) undoubtedly owe their higher concentration to their content 
of plastic organic substances. Although subject to variation, these 
relations might be expected to hold throughout the season. 

SAP CONCENTRATION OF THE APRICOT TREE AFTER GROWTH 

CEASES 

It is well known that during the progress of '‘ripening” the woody 
tissues are the seat of changes invoking the translocation and deposi¬ 
tion of many kinds of compounds. A series of determinations was made 
after the shoots on these trees ceased to show further elongation to see 
whether there were appreciable changes in sap concentration in the early 
part of the dormant period. , 

Table Y .—Sap concentration of apircot shoots during fall and early winter 



Osmotic pressure. '! 

J 

j Bate. 

i 

Urtpnmed 

trees. 

Heavily 

pruned 

trees. 

1 

1 Oct. 23. 

Atmospheres^ 
iS. 60 

Atmospheres. 
15. Si 

Nov. 6. 

19.10 

17.90 

2 C . 

19.00 1 

17. 20 

Dec. 4. 

16.33 1 

17. 22 

iS. 

19.10 i 

22.30 

Jaa. 29. 

15.85 ! 

18.73 


These figures show 'that there are appreciable changes' in the concen¬ 
tration of the sap even though no active growth is 'taking place. The 
changes may, however, be referred in part to changes in the'amount of 
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soil moisture present During November and December there were 
light rains which did not penetrate deeply into the soil and did not affect 
the concentration of the cell sap of the trees. On January 4^ 0.585 
inches of rain fell, and on the three succeeding days 5.2 acre-inches of 
irrigation water were applied. The effect of this increased supply of 
soil moisture is seen in the lower concentration of sap in the samples 
taken on January 29. The effect of the increased amount of water intake 
was to dilute the sap of the tree, even though active growth had ceased. 

SAP CONCENTRATION AND FRUITFUENESS 

The obsen’^ations made upon these fruit trees may throw some addi¬ 
tional light upon the relationships between vegetative and fruiting 
actmty of the tree. It appears that lower sap concentration is asso¬ 
ciated ^vith abundant water intake and rapid gromTh. Severe pruning^ 
which also stimulated jactive vegetative growth, caused pari passu^ a 
lowering of the concentration of sap in the tree. 

Horticulturists have long recognized that those conditions which are 
associated with lower sap concentration are opposed to fruit bearing in 
a tree. With the data now in hand it seems possible to point out some 
additional relationships of interest. The most rapid grovrth occurs in 
the early part of the season. The apricot shoots in 1919 made about 
half of their total growTh in the first one-fifth of their growing period. 
By the time that three-fourths of the length growth had been made, the 
sap concentration had reached a fairly high value, which was maintained 
during the remainder of the season. Now it is well known that this time 
of higher sap concentration is the time during which the fruit buds for the 
following year are developing on the tree. The various lines of evidence 
lead to the conclusion that higher sap concentration is associated with 
slower growth and fruit-bud formation. At the present time, however, 
it seems impossible to say which one of the conditions is cause and which 
is effect. Differences in the sap concentration of the stem at the apical 
and the basal ends of the shoots are so well marked as to, be unmistak¬ 
able, yet it is somewhat difficult to orient one's views to fit the facts. 
The sap concentration of entire shoots, including stems and leaves, was 
lower during periods of rapid growth and higher during periods of slower 
growth. Yet, when we note, that the sap concentration of the mpidly 
growing apical region of the shoot was uniformly higher than that of the 
slowly growing basal region, the condition seems paradoxical. The con¬ 
dition seems the more paradoxical when one remembers that the apical 
portion of the stem has a higher water content and that the content of 
solutes must, therefore, be correspondingly higher in order to show a 
higher concentration in the expressed sap. 

We should remind ourselves, however, that growth is not wholly regu¬ 
lated by concentration per se. The composition of the' sap, no less.than 
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its total concentration, affects the activity 'of the cell Attention lias 
recently been called to the effect on plant growth of inhibiting substances 
resembling clialones (9, 14). The absence of these growth-iiihibitkg 
substances in the apical portion of the shoot accounts in large measure 
for the more rapid growth of that region. There are also iiiimeroits 
lines of evidence which indicate that the sap of the apical region of the 
stem promotes vegetative growth because of its greater content of nitrog¬ 
enous substances, wliile the slowly growing basal portion of the 
is favorable to fruit-bud formation because of its greater content of car¬ 
bohydrates ( 8 ). It goes without saying that we must recognize ciiialita- 
tive as well as quantitative differences in the plant sap in analyzing its 



Fic. j.—Graph showing growth and sap coacciitratioii oi Golden Nugget navel oranges. Average weight 
of fruits is shown by solid lines, sap concentration of fruits by broken line. 

effects on growth. The emdence, however, indicates that an increasing 
sap concentration in the shoot as a 'whole retards' vegetative growth, 
while a decrease in the sap concentration of the rvhole shoot favors growtlu 

SAP CONCENTRATION AND THE GROWTH OF ORANGE FRUITS 

The orange fruit w'as selected for study because it has a relatively long 
period of growth and develops on a tree which continuously bears green 
foliage, ' The variety emplo3^ed is a strain of the navel orange known 
as ''Golden Nugget/' Determinations began on 1918, and were 

continued at weekly intervals until January 16, 1919. , ■ The mean weight 
of imits on the former date, ^vas 0.39 gm. The growth rate was rather 
slow from the beginning of The obser\mtions' until th^' end of the ninth 
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week; tken a period of more rapid growth set iii, which lasted imtil the 
twenty-sixth week (Dec. i). Toward the close of the period there was 
considerable fluctuation in the weight of fruits, largely because of errors 
in sampling, but the final mean weight was somewhat over 200 gm. The 
courses of the growth process and of the sap concentration of the fruit 
are shown in figure 7. During the first nine weeks, while the fruits were 
growing slowly, their sap concentration varied between 12 and 14 atmos¬ 
pheres of osmotic pressure. When more rapid growth began, the sap 
concentration dropped to a pressure between ii and 12 atmospheres, 
but subsequently gradually rose. As the fruit approached maturity 
there was a great increase in its sugar content and a consequent increase 
in the concentration of the sap. 

During the first half of the growth period it is quite evident that rapid 
growth is accoxiipaiiied by a lovrer sap concentration. In the latter half 
of the growth period it is more difflcult to ascertain the relationships 
between sap concentration and growth because of the fact that while the 
fruit is still growing it begins to accumulate increasing amounts of soluble 
carbohydrate. 

SUMMARY 

(1) Observations on the growth and sap concentration of young trees 
showed that the two variables have a tendency to vary in opposite direc¬ 
tions—that is to say, rapid growth is associated witii a generally lower 
concentration of sap in that shoot, while slower growth is accompanied 
by higher concentrations of sap. 

(2) There was a gradual increase in sap concentration as the season 
advanced. In apricot trees the concentration continued to increase for 
some time after active growth had ceased. The accumulations of solutes 
in the plant sap is unquestionably related to the synthetic metabolism 
of the' tree as the season advanced, though there is some evidence that 
diminished water absorption was partially responsible 'for the increased 
sap concentration. 

(3) Of several environmental factors xneasured, soil moisture was the 
only one having an obvious effect upon sap concentration. The addition 
of water to the soil usually diminished the concentration of the plant 
sap. 

(4) The sap concentration of shoots on trees heavily pruned was lower 
than that of shoots on trees not pruned, because of the more rapid 
growth of the former. 

(5) A concentration gradient appears to exist in the shoot. The con¬ 
centration of the sap in the apical portion of a stem was greater than that 
in the basal region. The sap concentration in the stems showed a greater 
tendency to fluctuate than that in the leaves. 

(6) Tower concentrations of plant sap in the shoot as a whole appear 
to be associated with abundant w’^ater intake and rapid vegetative growth. 
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Higher concentrations are associated with slow growth and fruit-bud 
formation. 

(7) The results seem to indicate that the practice of sumnier pruning 
fruit trees is not only unnecessary but may be detrimeiitaL 

(8) Observations upon the growth and sap concentration of shoots and 
fruits of the orange tree confirm those made on the apricot tree. 
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SEED-COAT INJURY AND VIABIEITY OF SEEDS OF 
WHEAT AND BARLEY AS FACTORS IN SUSCEPTIBILITY 
TO MOLDS AND FUNGICIDES ' 

By Annie May Hurd 

Assistant Pathologist, Office of Cereal Investigations, Bureau of Plant Industry, United 
States Department of Agriculture 

SEEDXOAT INJURY AND VIABILITY OF SEEDS AS FACTORS IN 
SUSCEPTIBILITY TO SAPROPHYTIC FUNGI 

Saprophytic fungi, infesting both soil and seed, constitute an important 
group of enemies to successful wheat and barley culture. The/present 
investigation is (i) a study of some of the factors, especially the physical 
condition of the seed coat, which enable these saprophytes to attack the 
seed, and (2) the relation of me^lhanical injuries sustained by the seed 
coat to seed-treatment injury. The fungi used for the experimental 
infections were Penicillium sp. and Rhizopus nigricans. Penicillium 
causes serious losses where soil conditions favor its development and in* 
fection. Penicillium and Rhizopus are the two omnipresent molds which 
cause much trouble in blotter germinations in the laboratory. Rhizopus 
was not found attacking seeds in storage or in the soil. 

It was noticed early in the study of germinating wheat in blotters that 
neither of these fungi was ever found on healthy, unbroken seeds, but that, 
if the seed coats were broken over the endosperm and germinated under 
nonsterile conditions, the seeds invariably were badly attacked. .Neither 
fungus, however, attacked seeds whose only injury was a break in the coat 
over the embryo (PL 13). 

Following these observations,-experiments were planned to determine 
whether and under what conditions wheat seeds with unbroken coats or 
with the coat injured only over the embryo were immune from artificial 
infection with heavy inoculations of Penicillium and Rhizopus spores. 
The experiments were with hand-thrashed Early Baart wheat, injured 
with a dissecting needle and'sown on blotters thickly'■ sprinkled with 

‘ This investigation' was' carried on in cooperation with the CaHfomia Agricultural Experiment Station. 
The wrte acknowledges with sincere gratitude the helpful suggestions of Profs, J, W. Gilmore and W, W, 
Mackic, of the University of California, and Or. H, B. Humphrey, of the United States Bepar'tment oi 
Agriculture, during theprogress of this investigation and the preparation of the report. 
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spores. The seeds were germinated'in the laboratory in pans 8 inches 
square, covered with glass. Three different lots were always placed on 
the same blotter, one with nninjured seed coats, a second with seed coats 
broken by a scratch about 2 mm. long over the endosperm, and a third 
with seed coats broken over the tip of the radicle. The latter type of 
injury corresponds to the usual thrashing injury, the protruding tip being 
easily broken off in rough handling of the wheat. There usually were 50 
seeds in each lot, but occasionally only 25. 

After a few days, those seeds injured over the endosperm invariably 
showed masses of fungous hyphae growing from the crack in the seed 
coat. Only a small percentage of such seeds ever germinated, and none 
ever produced a healthy plant. When they did germinate, a deforniedi 
spindling plumule might reach a length of a few centimeters before suc¬ 
cumbing. The injury to the roots was less marked, though their devel¬ 
opment always was retarded. The other two lots of seed on the same 
blotter—that is, those with unbroken coats and those with coats broken 
over the embryo—invariably germinated and grew normally without a 
sign of fungous attack on either seed or seedling (PL 13; 14, A). 

It seemed possible, however, that the apparently immune seeds might 
be susceptible if their germination was" retarded, as occurs when serf is 
sown in cold, damp soil. To produce this retardation the experiments 
with PenicilHum were repeated in the refrigerator at an average tem¬ 
perature of approximately 10° C. In all these experiments the germi- 
nators were removed from the refrigerator to the laboratory after seven 
days. When this was not done the fungi did not develop visibly, on 
account of the low temperature. After being brought to the warmer 
temperature of the laboratory the mycelium developed promptly within 
six days or less. Any seedling growth which had started was quickly 
stopped. This occurred most rapidly and fatally in the seeds broken 
over the endosperm, and least in the unbroken seeds. The deformity 
of the seedlings ^ was extreme. The sheaths broke prematurely 'and the 
leaves m^ere curled and wrinkled and were brown spotted, especially along, 
the edges. The roots were short, few in number, devoid of nootliairs, 
and brown tipped (PL 14, B). 

It was found repeatedly in germinations in connection with other 
experiments that seeds which have been injured or killed by treatment 
with opper sulphate, or formaldehyde foilow^ed by drying,'were easily 
attacked by PenicilHum and Rhizopus regardless of the condition of the 
seed coats. After death the embryo, whether protected by an uninjured 
testa or exposed by,a broken one, no longe had the immunity it had 
while living. Seeds which were weakened by treatment but which'ger¬ 
minated well,when sterilized with mercuric chlorid were,'covered,with 
masses of the white, fluffy Rhizopus' mycelium whenever germinate'd 
without previous disinfection. Therefore, along'with the'experiments 
to determine the relation of seed-coat injury ,to fungous attack, other 
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experiments were conducted to determine the relation of viability and 
vitalit}^ of the wheat to vSusceptibility to Penicilliiim and Rhizopus. 

Perfect seeds w^ere killed both by boiling for one minute, after which 
they were dried, and by prolonged exposure to a saturated solution of 
copper sulphate. The coats of some of these seeds were then broken 
over the embryo; some were broken over the endosperm, and others were 
left uninjured. Tots similarly treated were placed in the laboratory 
and in the refrigerator, those in the latter being removed after a week. 
Blotters sprinkled with spores of both Penicillium and Rhizopus' were 
used. The results showed that, under all conditions of injury and of tem¬ 
perature, the dead seeds were attacked by both fungi, except that Rhizo¬ 
pus did not attack any seeds killed by copper sulphate. Penicillium is 
less sensitive to this chemical and therefore w^as much in evidence as 
green tufts of mycelium growing in the ruptures over both endosperm 
and embr3^o and spreading, more thinly over the entire area of the 
unbroken seeds. Invariably, however, the latter were attacked more 
slowly and vShowed less abundant mycelium than those with seed coats 
broken. From this we conclude that the testa still was a considerable 
barrier to the invading hyphae. 

Striking illustrations of the fact that seeds otherwise immune became 
very susceptible to attack by saprophytes when weakened or killed by 
treatment were afforded by many blotter germinations in connection 
with experiments on formaldehyde injury. It was found, in a series of 
lots of seed stored in atmospheres of progressively increasing humidity, 
that a point was reached where paraformaldehyde did not form upon 
the evaporation of formaldehyde, and at approximately that point the 
stored wheat ceased to show injury. The development of Rhizopus in 
the blotter germinations of these lots was found to furnish a good index 
of the amount of injury sustained by the samples, as it developed most 
quickly and luxuriantly on the worst injured samples, decreasing in 
amount until there was practically no mycelium on the uninjured seeds. 

Experiments .demonstrating that seed stored damp was uninjured by' 
the 1 to 320 formaldehyde treatment,^ while that allowed to dry under 
certain conditions suffered serious injury, showed this same relation¬ 
ship between viability and susceptibility.to,Rhizopus (ij). The injured, 
dry-storage seeds were always more or less ' covered with Rhizopus 
mycelium, while the uninjured, damp-storage seeds remained clean (PL 
19). The same results were obtained in experiments to show that wash¬ 
ing with water after' treatment removed the danger of formaldehyde 
injury on the drying of the seeds. The-unwashed, injured seeds were 
severely attacked, while the washed, uninjured seeds were attacked but 
slightly, if' at all (PL 20). . 

' ^ The'Strength of formaldehyde solution used in seed treatment for smut is i pint of commercial formalde¬ 
hyde in 40 gallons of water. The corresponding solutions used in this investigation consisted of x part of 
commercial, formaldehyde in 3x0 parts. Since the commercial formaldehyde solution contained 36.2 per 
cent of formaldehyde gas,this dilution would'be one part o formaldehyde in 884, or a o.'ir i per cent solution. 
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The next step was to determine whether this close relation between 
the physical condition of the seed and susceptibility to fungou^vinfectiori 
holds true of the more natural infections of seed germinating in 
Spores were obtained in quantity for soil infection by making c«|tiires 
of Penicillium, isolated from wheat, in 500~cc. flasks containing crustl^d, 
autoclaved wheat as a medium,. Variously injured lots of seed 
prepared in the same way as those described for blotter germinations ana^, 
were inoculated by soaking about 20 minutes in suspensions of Peni-' 
ciilium spores. The seeds were then sown in pots of sterile, sandy-loam 
soil into which had been mixed quantities of dry spores. After sowing, 
the seeds were watered with the spore suspension. Three sets of four 
pots each, consisting of infected endosperm-injured, embryo-injured, and 
uninjured seed and a control of sterile, uninjured seed were then placed 
in three different temperatures—namely, in the refrigerator, which 
averaged 10® C.; in the laboratory, at approximately 20^^; and on an outer 
north window ledge hamng an intermediate temperature. 

Because the growth of wheat is retarded considerably by heavy clay 
soils, a duplicate experiment was conducted in three sets of pots con¬ 
taining Yolo clay loam, in order that every possible chance for infection 
might be given. 

When the seeds germinated, it was found that only two out of the six 
lots of endosperm-injured seed had escaped infection—those in the heavy 
day loam in the refrigerator and those on the outer window ledge. Evi¬ 
dently infection was more difficult in this soil, possibly because of in¬ 
sufficient aeration. At the higher temperature of the laboratory, the 
seeds injured over the endosperm, when sown in this soil, produced only 
a low percentage of plants, and these were short and weak. The other 
pots of the clay-loam series, containing the infected, unbroken seeds and 
the radicle-injured seeds, produced plants which were as good as the 
control of uninfected seeds in height, development, and percentage of 
germination. 

The same results were obtained from all three series of pots of the sandy 
loam, only those lots with seed coats broken over the endosperm being 
susceptible to Fenicillium infection (PL 15). All tiiesc data are sum¬ 
marized in Table L 


Table I.— Germination data from a typical experiment to determine the relation of seed- 
coat injury to susceptibility to Penicillium 


Nature of injury. 

Germiaa- 

tion. 

Average 
height of 
seedlirigs. 

Condii'ioa. 

Seed'coats hroken over' embryo, 

Per cenL 

Cm. 


96 


Normal. 

.Infested..,:,/, 

Seed coats' broken 'over ''endo¬ 

84 

4 

■ Weak, with reduced root sys¬ 
tem; seeds covered with 
Fenicillium, 

-'Normal,. ' 

sperm,'infested. 

Seed 'coats tminiiired;'d'ttle$ted;,,: 

' 106 ■ 


Control, uninjured, sterild'.' 

96 

^5 

'Do, , ; 
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When the attacked seeds germinate, seedling growth is not always 
retarded, such plants occasionally coming up as soon as those of the other 
lots. After the plants reach a height of a few centimeters, however, 
growth practically stops. The plants are weak and often of 'a paler green 
than the uninjured seedlings, occasionally being somewhat yellowed. 
Actual deformity is not frequent, although the root systems often are 
stunted. When these seedlings are pulled up, the seed is found to be a 
mass of green mycelium. The uninjured seedlings are free from all 
evidences of fungous attack on the seed. 

In a duplicate experiment to determine the relation of injured seed 
coats to susceptibility to invasion by Penicillium, no infection of even 
those seeds injured over the endosperm occurred where the temperature 
remained as low as 10° C. throughout. As was found in the blotter 
germinations, Penicillium requires a higher temperature for development. 
In this second experiment the injury to the susceptible seeds was very 
marked in those seedlings grown at the laboratory temperature of 20^^, 
and distinct but less conspicuous at the intermediate temperature of the 
window ledge. Further study is needed to determine the optimum 
temperature for development and infection. These experiments indi¬ 
cate that the destruction of seed in the soil by Penicillium is dependent 
on poor physical condition or low vitality of the seed combined with 
temperature and moisture conditions favorable to the development 
of the fungus. 

Besides attacking wheat in the soil, Penicillium is responsible for much 
injury to stored wheat which has not been thoroughly dried. To de¬ 
termine if this injury is also made possible by broken seed coats only, 
some hand-thrashed Early Baart seed was divided into three lots. The 
first was injured by means of a needle scratch over the endosperm, the 
second by a scratch over the embryo, and the third was left uninjured. 
Each lot was divided to make a duplicate set. All were soaked in a 
suspension of Penicillium spores for a few minutes and then put in closed 
bottles to keep them damp, Penicillium first appeared in the cuts of 
those injured over the endosperm. After two weeks the seed' injured 
over the embryo became visibly infected at the point of injury, but at 
the end of three weeks the uninjured seed still showed no signs of ' fun¬ 
gous'attack. 

' The experiment was repeated, using open vials as containers, which 
were kept in a damp chamber,' Penicillium spores' were dusted on the 
seeds until they were fairly green. In a few weeks green tufts of Peiiicii- 
lium were in evidence on the seed lots with the broken coats, but not 
until nearly two months had passed was there any sign of it on the un¬ 
broken seed. Only 40 per cent of these seeds, wnth unbroken coats gertiii- 
njated at' this time, although the original germination was 100 per cent^ 
The other seeds were entirely killed (PI. 18, B)* 
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In this series of samples there were included some seeds which had been 
killed by boiling, then dried, inoculated with spores, and stored in the same 
way. Some of these were broken in the usual manner over the embryo. 
The latter were attacked quickly, much more so than the living seeds 
similarly injured. The dead seeds with unbroken coats m^ere attacked 
later, but considerably more quickly than the living seeds with perfect 
coats (Pi. i8, B). The order in which the mycelium became evident on. 
these different lots of seed is as follows: ^ 

1. Seeds killed by boiling, seed coats broken over embryo, 

2. Seeds living, seed coats broken over endosperm. 

3. Seed» living, seed coats broken over embryo. 

4. Seeds killed by boiling, seed coats unbroken. 

5. Seeds living, seed coats unbroken. 

The reason for the great susceptibility of w'heat seed which has been 
scratched or broken oyer the endosperm is presumably clear. , Rhizopus 
and Penicillium are saprophytes and grow readily in the exposed storage 
products of the endosperm. The embryo, however, is composed of living 
cells, and it is only under unusual conditions, if at all, that it can be 
directly attacked. Even in the few cases where it appeared to be directly 
infected, it is possible that the fungus reached the endosperm first and, 
developing there, killed the embryo by destroying its food or by poisoning 
it with the toxins produced. Entrance of the fungi into these seeds 
artificially injured over the endosperm results in death or injury to the 
embryo, probably by destroying the stored food rather than by actually 
entering the embryo , itself. That this immunity of living embryos to 
direct attack is due to some property which disappears when death occurs 
is consistent with w’-hat we know of the behavior of plants in general 
toward saprophytes. 

The practical importance of these facts is that the loss of seed through 
attack by soil saprophytes is due largely to one or two^ causes, botli pre¬ 
ventable: (i) The seed coats surrounding the endosperm are injured by 
improper handling (PL 17, B), or (2) the embryo has been injured by 
seed treatment with copper sulphate or other fungicide. In the first 
case, the embryo or seedling is unable to develop, probably because of 
the destruction,of its food supply in the endosperm, and in the second 
case, it is so weakened by the chemical that its natural immunity from 
saprophytes is lost. Extreme instances of the first condition have 
occurred frequently in California. Wheat has been sold for seed which has 
been. subjected to a scouring process preparatory to milling and was so 
badly, scratched that;it would not germinate well, even if untreated, *30 
long ,as' there were; saprophytic fungi to infect it (PL 17). Such'seed 
can not ,be,, germinated, even in sterile blotters, unless it is; previously 

^ Seeds killed liy boiling with seed coats broken over the endosperm' Were ribt'"iiiclwded itt'these ex¬ 
periments .because living seeds with endospetm iniury are so very susceptible 'td'funiroMS attack that it 
was deemed superfluous to try the effect o£ killing such seeds before breaking the seed, coats.' ■ 
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disinfected (PI. 18, A). When it is not sterilized and thus protected 
against infection, the seedling rarely even gets a start (PL 13). When to 
this chance of injury is added the effect of fungicides on the exposed 
embryos, there is more than sufficient reason for the failure of the plants 
from such seed to get above the surface of the ground. 

HUMIDITY REQUIRED FOR THE GROWTH OF PENICILLIUM AND 
ASPERGIELUS ON STORED WHEAT 

In an experiment to determine the relation of atmospheric humidity 
during storage to formaldehyde injury of wheat, Penicillium developed 
in* the stored wheat in the three dampest samples only. The different 
humidities were produced in desiccators containing various mixtures 
of sulphuric acid and water, progressing by intervals of 10 per cent 
from a saturated atmosphere over water to one absolutely dry over con¬ 
centrated sulphuric acid. The composition of the mixtures with water 
necessary to produce these different humidities was determined by Prof. 
C. W. Woodworth (24)} 

Penicillium first appeared after 10 days on wheat stored in the saturated 
atmosphere and in that containing 90 per cent moisture. The mycelium 
continued to grow luxuriantly in these, and after 16 days it appeared in 
the one having 80 per cent humidity. In none of the drier lots did it 
ever develop, and it never was as abundant in the 80 per cent as in the 
90 per cent and 100 per cent (saturated) chamber. Aspergillus was also 
very prevalent in the 80 per cent humidity but was largely overgrown in 
the other two atmospheres by the greater growth of Penicillium. In 
addition, Aspergillus developed to some extent in the desiccator with 
atmosphere containing 70 per cent moisture, indicating that its moisture 
requirements are less than those of Penicillium. 

The humidities produced in the desiccators, and th^ development of 
Penicillium and Aspergillus in them, are shown in Table 11 . 


Tabi^0 11 .—Development of Penicillium and Aspergillus on wheat in atmospheres of 

different humidities 


percentage of humidity. 

Specific 
gravity of 
HaSO^ 
+H2O i 
mixtures. | 

Penidb 

!ium.« 

Asper- 
' gsllus.® 


I. 000 

+ + , 
4 - 
0' 

++ 

++ 

++ 

+ 

0 


I. 070 

I. 130 
I. 206 

So....... 



1. 273 

I- 334 
' 'I. 400 
I, 470 

I. 550 

I. 604 
^' I. 840 

0 


0 

0 


' 0 

0 


0 

0 


0 

0 


0 

0 , 


0 

,0 





« The syuibols used iudicate that the fungus is abundant (++), fairly abundant ( 4 -)."or lacking :(ci)., 
^ Reference Is made by number (italic) tb *%itemture cited.'' pp, iso“ia2. , 
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EFFECT OF COPPER SULPHATE AND FORMALDEHYDE ON MOLD IN¬ 
FESTATION OF WHEAT IN STORAGE AND IN BLOTTER 

GERMINATIONS 

Tlie observations wbich follow were made for the most part in con¬ 
nection with experiments on seed-treatment injury; but, as they are suf¬ 
ficient to show certain facts very conclusively, it seems worth while to 
report them here. 

Formaldehyde of the strength recommended for smut disinfection— 
I part of commercial formaldehyde solution in 320—is also an effective 
fungicide for the spores of Rhizopus and Penicillium. The latter is 
especially sensitive to it. When Seeds with scratched testas dusted with 
Rhizopus spores were dipped into a i to 320 solution for 10 minutes and 
sown on sterile blotters, they grew almost without infection. The controls 
which were not treated and were germinated on the same blotter were so 
badly attacked that very few seedlings developed, and the sample was 
quickly overgrown with masses of fluffy white mycelium. 

It has been maintained by some that treatment with fomialdehyde 
solutions renders wheat and barley more susceptible to subsequent 
fungous attack. Our own experiments failed to confirm such an assertion 
but disclosed a possible explanation of its origin. Whenever seed was 
injured or killed by being stored dry following formaldehyde treatment, 
it was very badly infected with Rhizopus if sown on a nonsterile blotter. 
Seeds treated in the same way but remaining uninjured because not allowed 
to dry germinated in the same blotters practically free from infection 
(PL 19). In germinations of treated wheat and barley stored in atmos¬ 
pheres of different humidities, Rhizopus appeared only on those samples 
which were injured, and even those from the damper atmospheres 
escaped infection almost entirely. Also, in experiments to show that 
washing with water removes the cause of injury upon drying, the same 
fact was shown by the invariable appearance of Rhizopus on the unwashed 
injured seeds and its absence on the w^ashed, uninjured ones (PL 20). 
That these are not cases of stimulation of fungous growth by formalde¬ 
hyde, with subsequent death of the seeds from the Rhizopus infection, 
can be easily shown by sterilizing the seeds with mercuric chloric! before 
germinating in sterile blotters. The injured seed lots appear just as 
evident as before, although in the absence of the fungus a higher per¬ 
centage of germination usually is obtained. Thus, our experiments 
did not show any increase in susceptibility because of fomialdehyde 
treatment but rather because of lowered viability of the' seed. As 
. explained earlier in. this report, low viability, no matter how induced, 
always renders seeds susceptible to invasion by fungi. 

That this' relation between formaldehyde injury and fungous attack 
is not often illustrated^ by the development of Penicillium is due tO' the 
latter's .peculiar sensitiveness to this chemical. On, the other hand,'if 
,^eeds are injured^^ by'rcopper sulphate, it -is,' Penicillium',, not. Rhizopus,: 
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wiiidi attacks them in the blotters. Rhizopus rarely attacks seeds which 
have been treated with copper sulphate, even if the seed coat is broken 
over the endosperm. 

The susceptibility to Penicillium of seeds injured by copper sulphate 
is sfiown as strikingly in barley as in wheat. The seeds umnjured by the 
chemical escape attack unless, of course, the testa is broken over the 
endosperm. 

Seed stored without drying after treatment with a i to 320 formalde¬ 
hyde solution is much more resistant to the attack of molds than is un¬ 
treated seed similarly stored. This is shown by the following experiment. 
Samples of barley and wheat were treated in the usual way by a 
lo-minute dip followed by a drain of 10 minutes. The excess moisture 
was removed and the seeds were dusted with Penicillium spores, as were 
also control lots treated in a like manner with water. All were sealed in 
small screw-top bottles. As was shown recently in another paper (13), 
this formaldehyde treatment does not injure the seeds so long as they are 
not allowed to dry with consequent formation of paraformaldehyde. 
After one month, samples of each lot were germinated, with the results 
shown in Table III. 


Tabi^E III .—Germination of wheat and barley soaked in formaldehyde solution and in 
water, followed by dusting with Penicillium spores 


Barley. 

Wheat, 

1 to 320 


I to 330 


formalde¬ 

hyde. 

Water. 

formalde¬ 

hyde. 

' Water. 

Per cent 

Per cent. 

Per cent. 

Per cent. 

88 

72 

63 

3 ^ 

90 

76 

84 

56, 


Copper sulphate has an even stronger inhibiting effect than formalde¬ 
hyde on the development of molds on w^heat in damp storage. In our 
experiments, however, Penicillium developed slowly in such seed, while 
it more rarely appeared in the seed stored similarly after formaldehyde 
treatment. Inhibition of Penicillium by the latter apparently gave 
opportunity for Aspergillus to develop. Aspergillus appears to develop 
most conspicuously when unfavorable factors to which Penicillium is 
more sensitive prevent the development of the latter.,, As a result, 
stored seed treated with copper sulphate has been destroyed largely by 
Penicillium and the formaldehyde-treated seed by Aspergillus,, although 
both lots were stored under identical conditions. 

The seed used in these experiments,, onC' of which is summarized in 
Table TV,, was machine-thrashed, Little Club wheat in good condition, 
about ,30,per cent' of the grains having the seed coats broken over the 
^ embryo but: with practically ho endosperm injury. The varying, degrees 
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of fungous attack^ therefore, can be attributed solely to sensitiveness of 
the molds to the chemicals on the seed and are in no way complicated by 
treatment injury to the embryo. The fomialdehyde“treated seed gave 
normal gemiination until destroyed by the molds; and the copper- 
sulphate-treated seed, while averaging only 84 per cent germination after 
treatment, was more resistant to molds than was the less injured, formal¬ 
dehyde-treated seed. 


Tabce IV .—Relative development of molds on Little Club wheat stored two months under 
varying conditions of temperature and seed treatment 


Seed treatment. 

Storage. 

Relative heavi¬ 
ness of attack 
by molds.® 

Penicillium, 

i 

Aspergillus, 

Water.. 

Refrigerator, io° C.. 

+ + + 

Present. 

Present. 

Bo..... 

Laboratory, 20° C. . 

+ + + + i 


Bo. 

Bo. . . . 

Greenhouse, 15® to 
35 G. 

Refrigerator. 

+++ ; 

.do. 

Bo. 

I to 330' formalde¬ 
hyde. 

++ 

Not present. 

Bo. 

Bo,..■. 

Laboratory. 

! +++•+ 


Bo. 

Bo. 

Greenhouse. 

+ 

.do. 

Bo. 

I potmd CUSO4 to 

4 gallons water. 

Refrigerator. 

0 


Not present. 

Bo............ 

Laboratory.. 

4.4.+ 

1 Present. 

Present. 

Do. 

Greenhouse. 

0 

j Not present. 

Not present. 


^ a The simbols used indicate that the fungus is present (-f*) or lacking (o), the number of plus signs show¬ 
ing the relative seventy oi attack. 


From these experiments it appears that seed treatments with copper 
sulphate and formaldehyde are a protection against saprophytic fungi, 
both when the seed is germinated at once and when it is stored damp. 
Formaldehyde is especially effective against Penicillium. 

RELATION OF SEED-COAT INJURY TO INJURY FROM FUNGICIDES 

The fact that all seed injury from the recommended copper-sulphate 
treatments for smut is due to broken seed coats seems to be unknown to 
most agronomists in this country. In only two bulletins (12, 25) 
has the writer found mention of mechanical injury in discussions of the 
injurious effects of copper sulphate, or any attempt to correlate the 
various percentages of injury with the physical condition of the seed 
coat. Yet the principle of semipermeability of wheat and barley seed 
coats is not a new one. Brown (j) reported the discovery that the cover¬ 
ings of the seeds of Hordeum vulgare slk semipermeable membranes, ex¬ 
cluding salts and other substances from the seeds. He reported that 
there was no penetration of copper sulphate into seeds after soaking 
three days in a 5 per cent solution. In 1909 (4) he published the results 
of further experiments on the impenetrability of seed coats to salts. 
Fischer (9) soaked Sagittaria fruits five days in molecular copper sulphate 
without injury. - , . 
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Reicliard (id, 17) did not find barley seed coats so perfectly semiper- 
meable as those Brown described, and he attributes such variations to 
differences in the tannin content of the testa. He believes that solu~ 
bility or nonsolubility of this tannin in the external solution determines 
the latter's penetrability. Differences in the tannin content of the active 
cells occur as the result of differences in the ripening process, he thinks, 
unripe seeds being more permeable because the tannin has not been fully 
deposited. It is interesting in this connection to note Falke's {8) con^ 
elusions as to the cause of the poor stand of wheat obtained from seed 
grown in an abnormally dry season. Not only was the wheat from un¬ 
treated seed grown that year less vigorous, but when the seed was treated 
with a 0.5 per cent solution of copper sulphate it was extremely injured, 
while seed of the same varieties grown the preceding year showed much 
less effect of the poison. He concludes that the dryness of the season 
had affected the development of the testa with the result that it was 
more permeable to the poison. In all tests seeds with unbroken coats 
were selected for treatment. 

In his studies on the semipermeability of the seed coats of wheat and 
barley, Schroeder {18^ ig) also found them to be impermeable to copper 
sulphate. Shull (20) thinks it reasonably certain that copper sulphate 
does not penetrate a sound testa. He attributes exceptions to defects 
in the seed coat too slight to be seen even on microscopic examination, 
Crocker and Davis (6) found that Alisma seeds would withstand a 
molecular copper-sulphate solution for a month. 

These researches on the permeability of seed coats are comparatively 
recent, but it was known in 1872 that the injury to wheat resulting 
from treatment with copper sulphate was dependent on the physical 
condition of the seed coat. Nobbe (i5) first recognized the fact that 
machine-thrashed seed was more injured by copper sulphate than was 
hand-thrashed seed, because damage done to the seed coats by the 
machine allowed the copper sulphate to penetrate to the embryo. He 
pointed out that the drier and more brittle the crop, the greater the 
thrashing injury.. With the visibly injured kernels' removed from the 
sample, he found germination to be as good as that of the hand-thrashed 
sample, ; 

Kiihn {14) reported no injury from copper sulphate when he used 
hand-thrashed wheat., Grassman {10) used , machine-thrashed ,seed, 
because it was what the farmers had to use, but he recognized the cause 
of the inj,ury sustained by it' and recommended that if in practice machine- 
thrashed seed had to be used,'the strength of the copper-sulphate solu¬ 
tion , should , be reduced. Falke, (7) noted more treatment injury , to 
machine-thrashed than to flail-thrashed^ grain. Von Tiibeuf {21) found 
that machine-thrashed wheat would' not, stand' trea'tinent which was 
harmless to hand-thrashed grain. He, however,,'notes varying degrees, 
'of injury 'to hand-thra''shed seed soaked 18 hours in a 2 per cent'COpper- 
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sulphate solution and suggests that the reason may be the presence of 
invisible imperfections in the testas. He discusses the difference in 
iniiiry determined by germinating treated seed in various soils and in 
filter paper. 

Volkart (22) gives the results of extensive experiments showing that 
mechanical injury to seed determines treatment injury. He relates the 
thrashing injury to the moisture content of the seed and shows further 
that the location of the break in the testa determines the degree of the 
injury done to the seed by a subsequent dip into copper sulphate. He 
points out that a break over the embryo exposes it to harmful, and in 
many instances fatal, action of the solution. If, however, the seed coat 
is ruptured over the endosperm only, the resultant injury is not serious. 
Burmester (5) said that the injuries received by the seed coat in thrash¬ 
ing made the seed very susceptible to copper-sulphate injury. He found 
that the higher the concentration of the solution used, the greater the 
percentage of injury. Woolman (25) says that most or all of the loss of 
germinative power of treated seed is due to thrashing injury. Wailden 
(25) located' the mechanical injury to the seed coats by means of eosin, 
which does not penetrate a sound testa but enters every small fissure, 
staining the seed at that point. He determined that all breaks are rela¬ 
tively unimportant, except those occurring directly over the embryo. 
Seed with uninjured integuments could be exposed to copper-sulphate 
solutions of the highest concentrations without injury. Wailden also 
notes the greater susceptibility of broken grains to molds during storage. 

In confirmation of all these results on the relation of thrashing injury 
of wheat to subsequent injury by copper sulphate, we may report here 
perfect germination of hand-thrashed White Australian, Sonora, Little 
Club, Early Baart, Marquis, Cedar, La Espiga, and Defiance wheat after 
treatment with a i to 4 solution (i pound in 4 gallons) of copper sulphate. 
No sample of harvester-thrashed wheat examined with a hand lens in 
this laboratory has been found to be free from mechanical injury, the 
percentage of seed with the seed coats broken varying from 30 per cent 
to 100 per cent. The extent of the injury varies from an almost impercep¬ 
tible crack to a' large tear w’^hich leaves the whole end of the embryo ex¬ 
posed (PI. 16). The percentage of germination of such samples after 
treatment' varies directly with the percentage of seriously broken seed 
coats (Pi 18, A). Shull (20) states that many seeds have defects'invis¬ 
ible even under a microscope, and this may explain why apparently un¬ 
broken seeds occasionally are injured by copper sulphate. 

Table V shows the immunity of the unbroken seed used in our experi¬ 
ments from injury by copper sulphate of any' strength 'With ordinary 
exposures. Hand-thrashed Early Baart seed was exposed to a saturated 
solution of copper sulphate made'by dissolving the\copper sulphate in 
boiling water until a considerable amount crystallized upon cooling." 
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Xabi^eJ V.---Germination of hand-thrashed wheat after immersion for various periods in 
saturated cop persulphate solution 


Duration of immersion in copper sulphate. 



iK hours. 

6 hours. 

8 hours. 

10 hours. 

1 

16 hours. 1 

Control, 

untreated. 

Percentage of germina¬ 
tion .... 

100 

100 

02 

82 

2 k; 

loo 




i 


As Wallden {23) and Volkart (22) report, only those cracks directly 
over the embryo permit injury from a 5-minute dip in a i-pound to 
4”gallon solution (PI. 22, A). Our experiments also show that a similar 
dip in a saturated solution does not affect germination if the injury is 
over the endosperm. However, if longer exposures are made, the 
chemical eventually penetrates to the embryo with fatal results, ilfter 
a soak of i hour in a i-pound to 4-gallon solution, seeds with a scratch 
through the seed coat to the endosperm are slightly injured (usually the 
roots show some deformity or stunting), and after 6 hours the percent¬ 
age of germination is low and growth of the seedling retarded. In a 
saturated solution, injury is extreme after i hour. Of course all seeds 
with the injury over the embryo are killed by these exposures in either 
strength. Seeds apparently unbroken are uninjured after 6 hours in a 
saturated solution, although there are occasional exceptions to this. 
The data from the experiments are presented in Table VI. 


Table VX,—-Germination of wheat with broken and unbroken seed coats, as affected 'by 

cop persulphate treatment 


Condition of seed and strenjjth of solution. 

j Gennination after exposure of — 

5 minutes. 

I hour. 

6 hours. 

Seed • coatS' unbroken: 

Per cent 

Per cent 

■ Per cent 

I to 4 solution.. 

xoo 

100 

, 100 

vSaturated solution.... 

100 

roo 

^XOO 

Seed coats broken over endosperm: 




I to '4 solution. 

, 100 

92 

6S 

Saturated solution.... 


aS' 

0 

Seed coats broken over embryo: 



' I to 4 solution.,.. 

ss 

0 

0 

Saturated solution......’.... 

0 

0 

t 

0 


a The resistance of tinbroken seeds to' a 6-hour exposure in a saturated copper-sulphate solution varies 
with teniperature and other conditions at presimt unknown. 


The seedlings, of all samples giving low germinations were very much 
deformed and stunted,' the roots being especially injured (PI. 23). 

A lime dip usually increases the percentage of germination of injured, 
seeds^ (PL, 22, B).' However, in badly broken seed, lime cannot prevent 
copper-sulphate injury because the^ solution. enters rapidly" and mjures, 
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the embryo before it can be neutralized. Slightly damaged seed coats 
delay the entrance of the copper sulphate enough so that the lime saves 
the wheat. 

There was more injury to the plumule when the seed was injured over 
the plumule end of the embryo than when it was injured over the radicle. 
The explanation is probably to be found in the fact that copper sulphate 
may not reach the inner end of the embryo at all, because of a bubble of 
air in the little pocket where the plumule lies which might protect it 
from being whetted by the liquid. When the seed was injured over the 
plumule, the copper sulphate had easier access to it and produced ex¬ 
treme deformit}^ When harvester-thrashed wheat is treated, the injury 
appears in the stunted roots of the seedling. More rarely is there a 
shortened or distorted plumule (PL 23). 

An examination of several lots of harvester-thrashed seed shows great 
variation in the degree to which the seed coat over the embryo is injured. 
The question naturally arises as to whether the slight cracks which are 
barely visible allow a copper-sulphate solution to penetrate or whether 
the inner layer of the seed coat is a semipermeable membrane and keeps 
the copper sulphate out, even though the outer one is ruptured. A study 
of the seed coat over the embryo shows it to be composed of two layers 
which can be split apart and tom off separately. Bolley (2) gives a figure 
of a longitudinal section through a wheat kernel illustrating the difference 
in the structure of the coat over the embryo and the endosperm. To de- 
termine the semipermeability of the inner of these tw'o layers, the outer 
was slit with a sharp needle so as to make a distinct tear, taking care 
not to injure the inner layer. Twenty-five such seeds were then dipped 
in a I to 4 copper-sulphate solution for 4 minutes and drained for 15 
minutes. Another lot was broken in the same way but through both 
layers of the seed coat, and a control of uninjured seed was used 
(PL 22, A, 4). The germination percentages follow: 

3 ?er cent. 

Both layers of the seed coat over the embio^o broken... 30 

Only the outer layer of the seed coat broken... 90 

Seed coat uninjured..... 100 

It appears from this experiment that the inner layer is impermeable to 
copper sulphate and that little or no injury results to the seed in treating 
unless both layers are broken. The slightly lowered germination of the 
less-injured seeds no doubt'is due to accidental injury to the inner layer. 
Thus is explained, the fact that the percentage of mechanically injured 
seed m a harvester-thrashed lot is slightly higher than'the percentage of 
such seed, killed by treatment. The percentage of ^ badly injured seed 
counted corresponds more nearly to the amount of injury to be expected 
when the sample is treated with a i to'' 4 solution. ' , , ., 

;; It is 'interesting, to'Compare the percentage of injured seed coats found 
in-some of the,samples of harvester-thrashed seed sent to thelaboratory 
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with the gennination obtained after treating them with i to 4 copper- 
sulphate solution (Table VII, PI. 21, A). 


TabliS VII.— showing relation of broken seed coats to injury from a j-minute dip in 
I pound to 4 gallons copper ^sulphate soluiiony as indicated by germination 


' Nature of sample. 

Slightly- 
broken 
seed coats. 

Badly 
broken 
seed coats. 

Germina¬ 
tion after 
treatment. 

Little Club, harvester-tliraslied...■... 

Per cent. 
10 

12 

Per cent. 
30 
88 

Per cent. 

Do . 

04 

Little Club hand-thrashed. 

0 

40 

Early Baart, harvester-thrashed and scoured for milling, j 
Early Baart, hand-thrashed. ..1 

I 

0 

99 

100 

20 




ICO 


It is possible, therefore, by examining the wheat with a hand lens, to 
predict very closely the loss that will be caused by copper-sulphate treat¬ 
ment. If the seed is known to be infested with smut spores, as shown 
by the darkened brush or the presence of smut balls, it may become a 
problem as to which will do the greater damage, the copper sulphate or 
the smut. A way out of the difficulty may be found in the use of i to 
320 formaldehyde solution (i pint commercial formaldehyde in 40 gal¬ 
lons). A dip of 10 minutes in this solution, or in a i to 160 solution, 
followed by a lo-minute drain, does not injure the embryo, no matter 
how extreme the mechanical injury to the seed coat. A i to 80 solution, 
however, causes extreme injury when the seed coat is broken over the 
embryo, and only when it is so broken, but this strength never is rec¬ 
ommended. It should be noted in explanation of these statements of 
the inability of the i to 320 and i to 160 strengths to injure even broken 
wheat that the so-called formaldehyde injury occasionally reported after 
the use of these strengths is caused by the formation of paraformaldehyde 
during the drying of the seed. If the seed is not dried but is sown moist 
in damp soil or kept in damp storage, no injury results from the treat¬ 
ment. Paraformaldehyde is very unstable and is constantly breaking 
down into formaldehyde gas. Thus the seed, unless' well spread, is su'r- 
,rounded by this toxic vapor which penetrates the seed coat, probably by 
again going into solution in the presence of any moisture in the seed 
covering. 

' Seed-coat condition is important,' therefore, in connection' with this 
formaldehyde injury after the drying of treated seeds. 'The data pre¬ 
sented in Table VIII show ''that, although-a perfect seed coat delays 
injury from paraformaldehyde, it does not prevent it. The paraformal¬ 
dehyde was obtained' by evaporating some commercial formaldehyde 
and powdering the white'residue in a mortar. The seeds were then 
placed in Syracuse watch crystals'and covered'with the perfectly dry 
powder, which was packed around them., ', 
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Table Relation of seed-coat condition to paraformaldehyde injnty, m indicaUi 

hy germination 



Percentage of germwation. 

Lmgtia of exposure to paraformaldehyde. 

Little Club. 

Early 

Baart, 

hand- 

thrashed. 


Hand- 

thrashed. 

[ 

Harvester- 
1 thrashed. 

! 

T dav..... 

100 

000 

100 

2 days...-. 

90 

70 

0 

80 

6 days.......... 

30 

14 days..... 

0 i 

0 






In condiision, mechanical injury to the seed in thrashing governs 
seed injury to wheat resulting from treatment with copper sulphate 
and from saprophytic fungi, in storage and in the soil. It has been 
shown (i) that perfect seed coats are an absolute protection in ordinary 
exposures to copper sulphate of any strength, (2) that they are partial 
protection against injury which results when formaldehyde-treated seeds 
are dried, and fe) that they afford marked protection against sapro¬ 
phytic fungi in storage and, in the soil. Better thrashing methods are 
the obvious remedy for the losses caused' by seed treatment for smut 
and by molding of damp grain in storage or in cold, damp soil. 

semipermeabitity of bareey seed coats in coppbr-suephate 

SOLUTIONS 

It is often stated in agricultural bulletins, and farmers commonly 
believe, that barley is more sensitive to fungicides, notably copper sul¬ 
phate, than is wheat But if, as Brown (5, 4) found, the seed coats 
are impermeable to copper sulphate, this should not be true. Experi¬ 
ments were undertaken, therefore, to determine whether there is any 
basis for this prevailing belief in the greater susceptibility of barley, 

The first variety experimented upon was Turkestan barley, of which 
there happened to be a supply of unthrashed seed in good condition in 
the laboratory. The liand-thrashed seed was soaked in a saturated 
solution of copper sulphate for 6, 8, and 10 hour intervals, as had been 
done with wheat (see Table V). To our great surprise, all were killed, 
not a single seed showing any sign of germination, although in later 
experiments occasional exceptions to this were found (Table IX). It 
had been noticed that barley, unlike wheat, had a more or less ragged 
hole, on each kernel where it was broken from the rachis. It ap¬ 
peared that.when barley was thrashed, even by hand, every seed noat 
was'Weakened or injured at this point.' It'was assumed from this fact 
that'the kernels left attached to a piece of the rachis would be as imper- 
'ineable to copper sulphate as is wheat. Experiments . proved'This sup- 
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position correct. Heads were broken into fragments so that from one 
to three kernels were attached to each piece of the rachis. These were 
treated with saturated copper sulphate for 6 hours and for 10 hours. 
The resulting germination was 90 and 80 per cent, respectively. (The 
control germinated only 85 per cent.) None of the seedlings showed 
any abnormality. The kernels stripped from the rachis and treated in 
the same way were all killed (PI. 21, B), The experiment shows the 
semipermeability of unbroken Turkestan barley kernels in saturated 
copper sulphate and the destruction of this semipermeability by mechan¬ 
ical injury at the hilum caused by breaking the kerne! from the rachis. 
Even more marked results were obtained upon treating some welT 
thrashed Coast barley %vith saturated copper-sulphate solution, the 
kernels being similar in structure to those of the Turkestan variety. 
Only 28 per cent germination was obtained after an exposure of one 
hour. Exposures of five minutes were found not to be injurious. Coast 
barley is the same subvariety (Hordeum vulgare var. coerulescens) (ix) 
as the one used by Brown (4) and which he found to be impermeable to 
copper sulphate after three days in a 5 per cent solution. Similar results 
were obtained with Turkestan barley and are shoTO in Table IX, together 
with the germination percentages of Early Baart wheat obtained after 
the same treatments. The comparison brings out the greater suscepti¬ 
bility of this hand-thrashed barley to copper-sulphate injury, compared 
with hand-thrashed wheat. 


Table IX .—Cojnparaiim germination of hard-ihrasked barley and wheat after treatment 
with saturated cop persulphate soluiiom 


Length oi exposure. 

Turkestan barley. 

Early Baart wheat. 

Germina¬ 

tion, 

Height of 
plumule. 

Gennma- 

tion. 

Height of 
plumule. 

5 mitiutes,.... 

Per cmt. 
too 

100 

60 

■ ■ 0 

100 

Cm, 

12 

12 

7 

Per cent, 
100 

100 

96 

52 

96 

Cm, 

8 

8 

1 ^ 8' 

2 

'8 

I liour,....... 

6 liours ..... 

24 hours....... 

Control, untreated.... 

12 


If it is the nature of the abscission of the barley kemd from the rachis 
which determines its resistance to copper-sulphate injury, it follows that 
those varieties which shatter easily in the field and in which a smoother,' 
more natural break occurs between kernel and rachis should show more 
perfect semipermeability. The Nepal variety (White Hull-less) seemed 
to be of this type. On treating, however, our samples showed even 
greater injury than that sustained by the nonshattering Coast barley. It 
is to be regretted that lack of sufficient hand-thrashed material of these 
29669 ^— 21—2 
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and other varieties has prevented further experiments on the relation of 
morphology of the heads to the susceptibility of the seeds to fungicides. 

These experiments on semipermeability of barley seed coverings were 
made with more concentrated solutions than are used in farm practice* 
It seemed desirable to determine the effect of the recommended strength, 
I pound to 4 gallons, on different varieties, after the usual immersion of 
about five minutes. The varieties found to germinate normally after 
this treatment were Tennessee Winter, Mariout, Beldi, Turkestan, and 
Coast. Mariout, Beldi, and Coast showed slight retardation and root 
injury, but this would not be serious in soil germinations. However, the 
Nepal (White Hull-less) variety was more seriously injured, with retarded 
plumules, stunted roots, and a germination of only 8o per cent against a 
control germinating loo per cent. 

LIMITATIONS AND VARIATIONS IN SEMIPHRMBABILITY OF SEED 

COATS OF WHEAT 

Wheat seeds are injured and killed by prolonged exposure to copper- 
sulphate solutions in spite of the fact that their testas are reported with¬ 
out exception to be semipermeable membranes. Brown (3) says that 
grains of Hordeum vtdgare were not injured by a 3-day exposure to a 5 
per cent solution of copper sulphate, but we Have found no sample of 
either wheat or barley which would stand an exposure of even t day in 
a I-pound to 4-gallon solution without injury, while death resulted in 
many cases. Reference to Table V will show the endurance of one of 
our best wheat samples in a saturated solution. It was found in this 
as well as in many repetitions that while hand-thrashed seed may be 
uninjured after 6 hours in this solution, injury is decided after 8 hours, 
and but a small percentage of seedlings, all retarded or deformed, are ob¬ 
tained from seed exposed for 16 or 24 hours. In many cases, extreme 
injury was produced after an exposure of only 6 hours. The data in 
Table X illustrate the variations and the limitation of the plienonienoii 
of semipermeability in wheat. 

To the data in Table X should be added the fact that no germination 
was obtained in thrashed Turkestan (see Table IX for exception), 
Tennessee Winter, Beldi, Nepal, and Mariout barleys after immersions of 
six hours in saturated copper-sulphate solutions, although barley kernels 
of' these types always are reported as inclosed in semipermeable mem¬ 
branes. We' shall exclude barley, however, from this discussion, as it 
has been shown that the nature of the abscission of the kernel may have 
something to do with its permeability. 
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Tabi,B X.— Germination of hand-ihrashed seed wheat treated for various periods in- 

cop per-stilphaie solutions 


Experi¬ 
ment No. 

' Variety. 

Strength of solution. 

T ...... . 

Tittle Club.. 

Saturated......... 

2 . 

..... do. 

.do.. 


.do. 

.do... 

^ . 

Karly Baart. 

.do. 

C. 

....do. 

.do.... 

6....... 

.do..... 

.do. 

7.. 

.do. 

.do. 

8. 

.....do. 

.... .do... 

0... 

.do. 

.do.. 

10. 

.do. 

I pound to 4 gallons. 

T1 . - ^ ■ 

.do. 

.do.. 

T2 ..... . 

Ta Espiga... 

Saturated. 

TIJ. 

Cedar... 


'*■0 * * • • • • 




Length of treatments and germina¬ 
tion obtained. 


Germina¬ 
tion of 
control. 


I>2 hours, 100 per cent; 16 
hours, 40 per cent. 

2 hours, 93 per cent; 6 hours, 
86 per cent; 24 hours, o. 

16 hours, 5 per cent. 

6 hours, 100 per cent; 8 
hours, 92 per cent; 10 
hours, 82 per cent. 

6 hours, 80 per cent; 10 
hours, 70 per cent. 

6 hours, 96 per cent; 24 
hours, 52 per cent. 

2 hours, 95 per cent; 4 
hours, 85 per cent; 8 hours, 
80 per cent; 24 hours, 35 
per cent. 

K hour, 75 per cent; 8 hours, 
35 per cent; 24 hours, 10 
per cent. 

6 hours, S per cent.. 

6 hours, 96 per cent; 24 
hours, 72 per cent. 

8 hours, 90 per cent 

6 hours, s per cent, .. 

6 hours, 50 per cent 


Per cent. 

100 

ICO 

100 

100 


ICO 

96 


84 

96 

100 


94 


98 


The data here reported on wheat indicate either (1) that the seed coat 
is not perfectly semipermeable in copper-sulphate solutions but allows a 
slow diffusion of the salt into the seed, or (2) that the semipermeability 
of the seed coat is destroyed after a limited exposure, either by chemical 
injury from the poison, by stretching due to the absorption of water, 
or by some other means. Reichard (16) and Bokomy (i) found barley 
testas not so perfectly semipermeable as is reported by Brown (j, 4). 
Von Tubeuf (21) and Falke (7) both report penetration of copper sulphate 
through apparently sound testas of wheat. Shull (20) says that ultra- ^ 
microscopic defects in the seed coats of Xanthium make^ quantitative 
data approximations only. 

Since 60^80 per cent of the seeds show no penetration^ after prolonged soaking in 
CUS04 and since they retain their vitality perfectly ... it seems reasonably certain 
that CnSo^ does not penetrate a sound testa. 

He seems to regard membranes as semipermeable when they exclude 
substances for ^ days, weeks,' and months, and as permeable when the 
exclusion is merely a matter of hours. On this basis the testa of wheat 
is not semipermeable, or at least its semipermeability has very narrow 
time, limits. ' , ' ' 
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The amount of injury to samples of hand-thrashed Early Baart wheat 
caused by long exposures to copper-sulphate solutions varies directly as 
the concentration of the solution—that is, the stronger the copper sul¬ 
phate the greater the percentage of injured seeds. Individual seeds var}?' 
in their resistance to penetration, some succumbing before others, so 
there is a gradual increase in germination with increased dilution of the 
solution. The data in Table XI illustrate this. 


Table XI .—Relation of strength of cop per-sulphate solution to seed injury after an 
8~hour exposure as indicated by germination and seedling growth of Early Baart wheat 


Strengtii of solution. 

Gemiina- 

tion. 

Height of 
plumule. 

Saturated... 

Per cent. 

30 

55 

90 

85 

100 

Cm. 

6. 5 

I pound to I gallon... 

I poitnd to 4 p’alions. 

10. 0 

I pound to 10 gallons.... 

10. 0 

I pound to So gallons.... 

10. 0 


100 

10. 0 

Control, untreated...j 


The great variations in the length of time seeds from the same sample 
of wheat could be soaked in copper-sulphate solutions without injury 
have been very perplexing throughout our experiments. The preceding 
data bring out the fact that although, as a rule, penetration of the poison 
is first noticeable after about 6 hours and not decided until after S 
hours, occasionally almost no germination was obtained after 6 hours, 
and injury appeared even sooner. In some experiments, no germination 
was obtained after 24 hours' exposure, while in others there was only 
about 50 per cent. It was thought possible that these variations might 
be due, at least in part, to differences in temperature. Consequently, 
some experiments were planned to show the relation of temperature 
of the solution to the length of time hand-thrashed Early Baart wheat 
could remain in a saturated copper-sulphate solution without injury. 
Table XII gives the results of one of several experiments. 


Tabls XII .—The relation between temperature and ike semipermeahility of the smd 
coats of Early Baart wheat in a saturated cop persulphate solution, as indicated by 
germination 


Lenirtli of eesposure. i 

Germination when stored at — 

9” C.. in 
refrig¬ 
erator. 

13.5^9.. i 
outsxde 
window 
ledge. 

labora- - 
lory. 

35, C..m 
incu¬ 
bator. 

SS C., in 
incu¬ 
bator. 

2 hours,........... 

4 hours..... 

8 hours...... 

24 hours..... 

Per cent 
95 
90 

95 

70 

Per cent 

ss 

90 

75 

i,. . SS 

Per c&ni. 
:SS 

. ' 80, 

Per cent 

^ : '90,1 

80 

40 

Per emt 

Ss 
' 65 
55 
, 30 
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The data in Table XII indicate that wheat will withstand the pene¬ 
tration of a saturated copper-sulphate solution for a longer time at the 
low temperature of the refrigerator than at the higher ones of the 
laboratories and incubators. If the increased permeability occurs as the 
result of chemical changes, we might expect a very exact relationship 
between temperature and the resistance of the seed to the penetration 
of copper sulphate. The preceding experiment and others indicate some 
such correlation. 

SUMMARY 

(1) An unbroken seed coat ordinarily affords absolute protection 
against attack of living seeds by Penicillium or Rhizopus in damp 
storage, in the soil, or in blotter germinations. Infection of such seeds 
has been obtained, however, by retarding germination of the seed by 
means of low temperatures, 

(2) The location of a break in the seed coat determines the ability of 
saprophytic fungi to invade seeds, either in the soil, in storage, or in 
blotter germinations. If the injury is over the endosperm, 100 per 
cent fatal infection results when the spores of Penicillium or Rhizopus 
are present; but if it is over the embryo, the seeds remain practically 
immune, 

(3) The vitality of seeds is a factor in determining the ability of Peni¬ 
cillium and Rhizopus to attack them. Death or injury resulting from 
seed treatment, or other cause, renders previously immune seeds imme¬ 
diately susceptible. Even perfect seed coats no longer are a protection. 

(4) No visible infection with either Penicillium or Rhizopus occurred 
where the temperature remained as low as throughout the experi¬ 
ment. 

(5) Penicillium requires an atmospheric humidity of at least 80 per 
cent for its development on stored wheat. Aspergillus will grow on 
wheat at a humidity of 70 per cent. 

(6) These molds develop more slowly on stored wheat and barley 
which has been treated with copper sulphate or formaldehyde than on 
equally moist untreated wheat. Penicillium is especially sensitive to 
formaldehyde. 

(7) Although a break in the testa over the endosperm of wheat does 
not result in any injury to the germ upon short exposures to copper 
sulphate, injury becomes apparent after exposures of an hour, showing 
that the poison eventually is absorbed through the endosperm and 
scutellum. A similar break over the embryo results in its death after 
exposures of only three to five minutes. 

(8) When seed coats are badly injured, liming does not prevent ex¬ 
treme mjury, because the copper sulphate enters such seeds quickly. 

. When the seeds are only slightly injured, a lime dip is effective in neutral¬ 
izing the solution before injury occurs. ' , ; 
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(9} The outer layer of the seed coat may be broken over the embryo 
without injury resulting from treatment with copper sulphate, the inner 
layer being impermeable to it. 

(10) Stunted roots, rather than injured plumules, are characteristic 
of copper-sulphate injury, because machine thrashing usually breaks 
the seed coat directly over the radicle. 

(11) The damage that will be done to seed wheat by the copper- 
sulphate treatment for smut and by saprophytic fungi can be predicted 
by examination of the physical condition of the seed. All these troubles 
can be reduced by greater care in thrashing the seed wheat so that the 
seed coats are not so badly broken. 

(12) Perfect seed coats are also an absolute protection against short 
exposures to strong formaldehyde solutions and are partial protection 
against post-treatment injury after disinfection with formaldehyde. 

(13) The seed coats of Turkestan barley and varieties of the same 
structural type are broken at the hilum in thrashing, either by machine 
or by hand. Death results from exposing such kernels to strong copper- 
sulphate solutions for even short periods or to weaker solutions for longer 
periods. Barley kernels left attached to pieces of the rachis were not 
injured by these treatments. 

(14) Injury to wheat seed always occurred after exposures to sat¬ 
urated copper-sulphate solutions for periods longer than six hours and 
sometimes in less time. This fact raises a question as to the perfect 
semipermeability of the testas of wheat to this poison. 

(15) Temperature of the solution was found to be a factor in the 
resistance of wheat to injury from long immersions in saturated copper- 
sulphate solutions, the germination being poorer as the temperature 
increased. 
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PLATE 13 

A. —Relation of seed-coat injury to attack by RMzopus on seed germinating on an 
infected blotter: i, band-thrashed seed, seed coats uninjured; 2, hand-thraslied seed, 
seed coats broken over endosperm; 3, hand-thrashed seed, seed coats broken over 
embryo; 4, harvester-thrashed seed scoured for milling. 

B. —Same as Abut 2 days later, showing that the badly infected seeds never produce 
plants. 
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PLATE 14 

A. —Germitiatiott of wheat seeds variously broken: i, unattacked seeds with coats 
unbroken;. 2, Rhizopus and Penicillium attacking seeds with seed coats broken over 
the endosperm; 3, unattacked seeds with coats broken over the embryo. X 3 . 

B. —Deformity and retardation of Penicillitim-infected seedlings germinated on, 
blotter. '. Seedlings are 14 days old. 




PLATE 15 

A.-^Pelation of location of seed-coat injury to attack by Peniciilitim on wlieat 
germinating in infected soil: 1, band-thf asked, seed coats nninjttred; 2 , band-thrasbed, 
seed coatS' broken oyer the embryo; 3, band-tbrasbed, seed coats broken over the 
mdospenxi., ; 

B-—Relation of location of seed-coat mjttry to infection of wheat by Penicilliiim in 
the soil: 1, soil infested, seed coats brokeni over endosperm; 2, control, soil not infested, 
"Seed, coats unbroken; 3, soil infested, seed coats broken over embi^^o; 4, soil infested,, 
seed'coats tmbroken* 
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PLATE i6 

Tlirasliing injury to Little Club wheat; 

A. —“Seed coate uninjured, 

B. —Seed coats broken. 

X 12 . 



PIRATE 17 

, A.-—Samples of commercial, Early Baart seed wheat: i, ttstt,a! thrashing injury, seed 
coats broken over the radicle; 2, some of the same lot of wheat scoured preparatory to 
milling and then sold as seed wheat, with the seed coats scratched and tom all over the 
seed. X 2. 

B,“—Same wheat as in A: i, unsecured sample, showing thrashing injury; 2, eSect 
of scouring this wheat. X 6, 
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PLATE i8 

of tfie tmtfeated wLeat illustrated in Plate 17: 1, liarvester- 
tliraslied se.ed, germination' go per' cent; ■ 2, same seed alter scouring,, gemination 46 
per cent, and showing growth of Pcnicillium and Rhizoptis which gained entrance 
throxtgh the scratched and broken seed coats. 

B.*—Eeiation of seed-coat injury to destruction of damp, stored, untreated wheat 
by molds, the seeds having been sprinkled with spores and stored for 10 weeks in 
bottles in a damp chamber: r, seed coats unbroken; 2, seed coats broken over endo- 
spcnn; 3, seed coats unbroken but seeds previously killed by boiling; 4, seed coats 
broken over embryo. 



PIRATE 19 

Increased snsceptibility to Rhizopns of seeds injured by forroaldeliydc when dried 
after treatment with a i to 320 solution and stored for 18 days. 

A. —vSeed uninjured by treatment, having been stored damp. 

B. -—Seed killed, having been sealed after drying 7 hours following treatment. 

C. —Seed nearly killed, having been sealed after drying 24 hours following treatment. 

D. —Seed badly injured, having been sealed after drying 3 days foUowing treatment. 
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PtATE 20 

Increased susceptibility to RMzoptts of seed injured by dry storage after formalde- 
byde treatment. After treatment some of tbe seeds were washed in water, some left' 
unwashed, nd all were dried for one month. 

A. *-^Treated with i to 20 formaldehyde, dried unwaged; germination 32 per cent, 

B. —Treated with x to 20 fonnaldehyde, washed before drying; germination 76 
per cent, 

C, —Treated with x to 40 formaldehyde, dried unwashed; germination 52 per cent. 

D, —Treated with i to 40 formaldehyde, washed before drying; germination 74 
per cent, ' 

Control germinated 74 per cent ^ 

: 29;a69'"—21—3 , 




PLATE 21 


A,—Relation between percentage of seed-coat injury and degree of Injury from a 
5-naintite exposure to a i-pound to 4-gallon solution of copper sulpliate: i, liarvcster- 
thrashed seed, with 30 per cent of seed coats broken, germination 86 |)cr cent; 2, 
harvester-thrashed seed, witli 95 per cent of seed coats broken, germination 42 per 
cent ; 3, hand-thrashed seed, seed coats unbroken, germination 98 per cent. 

, B.—Susceptibility of wheat and barley'to long exposure to a saturated copper-*- 
sulphate solution: i, Early Baart wheat exposed 6 hours, germination 80 per cent, 
2, Early Baart wheat exposed 10 hours, germination 80 per cent; 3, Early Baart wheat, 
control, untreated, germination 95 per cent; 4, Turkestan,barley, control, untreated, 
germination too per cent; 5, Turkestan barley, kernels stripped from rachis, ex|X)sed 
6 hours, no germination; 6, Turkestan barley, kernels left attached to piece of rachis 
during treatment, exposed 6 hours, germination 90 per cent; 7, Turkestan barley, 
kernels stripped from rachis, exposed 10 hours, no germination; 8, Turkestan barley, 
kernels left attached to piece of rachis during treatment, exposed 10 hours, gennina- 
tion 90 per cent. 
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PLATE 22 


A. —delation between tlie location of the break in the seed coats of hand-thrashed 

Early Baart and injury from treatment with a i-potind to 4-gaIlon copper-snlphate 
solution: i, seed coats unbroken, germination 100 per cent; 2, seed coats broken over 
einbr3J'o, germination 10 per cent: 3, seed coats broken over endosperm, germination 
95 per cent; 4, only outer layer of seed coat broken over embryo, germination 90 per 
cent. , , 

B. —Relation between the location of the break in the seed coat of hahd-thrashed 
Early Baart and injury from treatment with a i-pound to 4-gallon copper-sulphate 
solution followed by lime: i, seed coats unbroken, germination 100 per cent; 2, seed 
coats broken over radicle, germination 85 per cent; 3, seed coats broken over plumule 
of embryo, germination 50 per cent; 4, seed coats broken over endosperm, germination 
95 per' cent. 

Oomparison of B with A shows efficiency of lime. 



PLATE 33 

CSiaracteristic foot inWbitioti and pliimtile retardation resnlting from the entrance 
of copper sulphate into the seed. 
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BACTERIA!. SPOT OF TOMATO* 

By Max W. Gardnj^r, Associate in Botany, 'and JameJS B. Kenbrice, Assistant in 
Botany, Pur dm University Agricultural Experiment Station 

INTRODUCTION 

Dtiriiig recent years the tomato crop in the north central States'has 
been affected with a spot disease of the fnxit which was recognized by 
pathologists as distinctly different from any of the ’well-known tomato 
fruit spots. W. A. Htielsen, of the Purdue Agricultural Experiment 
Station, noted the prevalence of this disease in the Indiana canning 
tomato crop of 1918. In the 1919 crop the disease again became preva- 
lent in Indiana, and the present study was begun in the fall of 1919 and 
continued throughout the winter and spring. The present work deals 
mainly with the symptoms of the disease, the isolation, pathogenicity, 
cultural characters, overwintering, and dissemination of the causal bac¬ 
teria, and their relation to the host tissue. Certain phases relative to the 
mode of fruit infection under field conditions are to receive further study. 

The relation of this tomato disease to the bacterial spot of pepper which 
occurs in Florida has .received only preliminary study, ■ Apparently "the 
causa, organisms are identical. ^ ' , , ' . 

THE DISEASE 
NAME 

This disease as it occurs on the fruit has been called **canker’’ by Coons 
and Nelson (4, p» 48^ and “scab,” “fruit scab,” and “black scab” by 
McCubbin (9, p. 15). It seems advisable, however, to adopt the name 
“bacterial spot” for the disease, since the term canker has been used lor 
another tomato disease, and since the term scab is hardly applicable tp 
the foliage lesions. The name bacterial spot has also been used for the 
related'disease of peppers (15). ■ . 

HOSTS 

,, The hosts of this disease are tomato and pepper. ', Fol3ageinfectiPn"has''" 
been obtained on potato. Bacterial'Spot 'has been’lound 'On the,following 
'tomato varieties in the field: Yellow Plum,'Greater Baltimore,''Stone, 
CenturyArlington, Norton, Marvel, and Columbia. Foliage inoculation 
'Easbeen.successful on all tomato varieties tested. This list'comprises the 
followiiig varieties: Bloomsdale, Magnus,. Paragon,, Eandreth, Delaware 
Beauty, J'O'bn :Baer, Hummer, Improved 'Trophy, Co,reless, Success, Red- 

^'Coatri’btttioa Uom the Botanical nepajtm'eat of Purdue University Agrioiitural Experiment Station, 

Tke w'rlters'wish' to'ackuowledge, their indebtedness to Prof. H. S, Jackson for helpful suggestions received 
throughout''the course of this'investigation, 
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Rock, Bonny Best, Mississippi Girl, Globe, Chalk’s Early Jewel, Matcli- 
less, Eavorite, Comet, Golden Queen, Acme, Perfection, Buckeye State, 
Earliana, June Pink, Ponderosa, Early Detroit, Improved Dwarf Cham¬ 
pion, Yellow Pear-shaped, Red Pear-shaped, Dwarf Yellow Prince, Yel¬ 
low Plum, Golden Ball, Yellow Peach, and Red Cherry. 

HISTORY AND OCCURRENCE 

This disease as it occurs on tomato fruit has been known for several 
years. Coons and Nelson (4, p. 48) and later Coons (j, p, 446) briefly 
describe this disease as tomato canker. Nelson first found the disease 
at the loading station at Milan, Tenn., in 1917, and later, in August of 
the same year, at the loading station at Anna, Ill. In the same year 
he found it also at two points in Michigan, and in 1918 he noted the 
disease in community gardens at East Lansing, Mich. McCubbin 
(Pj P> Ti) reports in igiS what appears from his illustration to be bacterial 
spot from'fields near Walkervilie, Ont., and in 1919 Nelson noted the 
disease on Canada tomatoes on exhibition at a convention in Detroit. 
Specimens' were received from Muscatine, Iowa, in 1918 by the senior 
author. 

Huelsen found bacterial spot prevalent in the Indiana canning crop 
near Indianapolis in 1918. In 1919 the disease was first found in an 
Indianapolis market garden August 10. It was found in a garden at 
LaFayette and in the canning crop about Frankfort and Indianapolis. 
It was first noticed in the canning crop August 14 and was reported 
August 16 by an Indianapolis grower as conspicuous on the green fruit. 
The disease became very conspicuous during late September. Leaf 
lesions were first recognized September 25. , The disease' was much 
worse in certain fields than in others. Observations were made about 
Paoli, Ind., and Grass Lake, Mich., but the disease was not found. 
The impression was gained that the disease was most prevalent in central 
Indiana, especially near Indianapolis. 

Ill May, 1920, bacterial spot was found in fields of tomato seedlings' 
near"Tifton, Ga., which were being grown for shipmentto' northern 
canners. In June, 1 920, the disease was found in plant feds at Campbells- 
burg, Ind., by H. D. Brown. , July 13, 1920, the disease w'as found very 
' prevalent'on the foliage in a field near KokomoTln'd., which was planted 
with plants grown in Georgia. Link and Ramsav' of the United States 
Bureau of' Markets found bacterial spot very prevalent on tomatoes 
from Dania, Fla., during the spring of 1920. 

.Careful search of the earlier'literature has' not revealed any^'unques*' 
tionable records of the occurrenceof this disease.l. It is, of course, not to 

' ^ ^ Since this mmxuscnpt' was siibinitted'lof publicatipn, ■ ’a-popttlat account; of iuvestigatioaa on a tobsato 
canker E, M,' a muAisocmKm. tii Agr. Uhioti So. Africa, y* r, ao. % p« 7x8-731, 

illns. i5>») at Pretoria, TtansTOal Colony; has:'appeared,' Very* evidently the'i 4 is«fe' stnctied by Miss 
Doidge, which has beea'pres^it, there sinc^' spot of' tomato. She has given m accn'raie 

d«cription of .theaym'ptomS ondeaf, atem^ a»dinnh'^(|^tes that the yellow bacterium which,causes,the 
disease wiH be 'described elsewhere 'under ihe;niuaae' Baeterkim msimimmm, h, 'sp. 
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be COnf used in any way mth the two vascular bacterial diseases described 
by Smith (17^ p. idi, 174). Nor is it similar to the ''stripe'^ disease of 
tomatoes recently described by Paine and Bewley (jo) in England and 
attributed to Bacillus lathyri. 

Many workers have found bacteria associated with blossom-end rot 
which ,we now recognize as a nonparasitic disease. Prillieux (14,' p. jp) 
in 1895'termed blossom-end rot a bacterial disease. In 1898 Earle 
(5, p. Ip) studied blossom-end rot in the field crop in Alabama and 
attributed it to bacteria which he isolated. He was of the opinion 
that insects carried the infection. About the same time Stuart {18) 
met with what was apparently blossom-end rot in Indiana on greenhouse 
tomatoes and attributed it to bacteria which he isolated. He states, 
however, that the lesions were not invariably at the blossom end. Miss 
vSmith (16) in 1907 also found bacteria associated with blossom-end rot 
in Massachusetts. 

In 1910 Pavarino (jj) in Italy described blossom-end rot and a species 
of bacteria which he isolated. He states, however, that the disease was 
not confined to the fruit but was present on other parts of the plant, and 
he claims to have reproduced these symptoms by wound inoculatiom 
His illustrations do not resemble bacterial spot, but his organism rather 
closely resembles the form causing bacterial spot, and it is of course pos¬ 
sible that he was working with a combination of blossom-end rot and 
bacterial spot, since both diseases might have been present in the fields. 

Groenewege (6) in Holland, two years later, also ascribed blossom-end 
rot to a species of bacteria which he isolated and described. He was 
able to secure inoculation upon ripening fruit by means of wounds but 
not upon green fruit nor upon other parts of the plant. It is not at all 
likely that he was dealing with bacterial spot, even though his organism 
somewhat resembles the form causing that disease. 

Coons and Nelson (5, 4) in Michigan were the first to determine the 
nature of the bacterial spot disease which, however, they knew as canker. 
They isolated a yellow bacterial organism from fruit lesions in 1917 and 
in August of that year secured infection by means of needle prick inocula¬ 
tion of fruits on a caged plant in the field. In April, 1918, they also 
secured infection of bagged fruit in the greenhouse but did not obtain 
any foliage infection on sprayed plants. Only green fruits were inocu¬ 
lated. ' These workers, therefore, had the causal organism in culture and 
proved its, pathogenicity. Unfortunately, their cultures died and it has 
been impossible to make' a, comparison with those used in the present 
studies. 

, R:anAXlON TO BACTERIAL, SPOT OE PEPPER 

Assuming, upon the strength of successful reciprocal cross inocula¬ 
tions, that bacterial spot' of pepper is caused by the same organism, we 
include a brief account of that disease. 
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A bacterial leafspot of pepper was first reported by Heald and Wolf 
(7^ p. 42) from Texas in 1912. The causal bacteria were not described. 
Ill the same year a bacterial leafspot and blight of peppers was found by 
Jackson {8^ p, 274) in Oregon, While the bacteria isolated were not 
yellow, yet the colonies somewhat resemble those of the tomato organism. 

In 1917 Sherbakoff (15, p. 79R) worked with a'bacterial spot of pepper 
ill Florida which is very likely due to the same organism as bacterial spot 
of tomato. lie isolated and proved the pathogenicity of a yellow organ¬ 
ism which, however, he did not describe. 

In 1918 the senior author noted the fruit lesions of what appeared to 
be pepper bacterial spot on southern-growm fruit in the Chicago market. 
In 1920 Link and Ramsay isolated a yellow organism from this so-called 
pepper scab and suggested that the disease was identical with the tomato 
bacterial spot. From a Florida-grown pepper fruit secured in the Chicago 
market by Link and Ramsay, which showed typical scab lesions similar 
to those illustrated by Sherbakoff, the authors have isolated a yellow 
organisin resembling in culture the tomato bacterial spot organism. 
Inoculation of tomato plants with this organism gave typical leaf lesions, 
and inoculation of pepper plants with one of our tomato strains has 
resulted in leaf lesions resembling those described and illustrated by 
Sherbakoff. 

Therefore, it seems safe to assume that the causal orgamsm of pepper 
bacterial spot is identical with that of tomato bacterial spot. However, 
since we have not worked out the cultural characters of the organism 
isolated from pepper and since we have not found the pepper disease 
occuring naturally in Indiana, except in an experimental field, we shall 
confine our attention in this work very largely to the disease as it occurs 
on tomatoes. 

SYMPTOMS 

On the tomato fruit the disease causes scab-like lesions which may 
occur at any point on the surface (PL 24, B). These first appear as 
blackened, raised points or dots surrounded by a vrater-soaked border. 
Older lesions assume the form of black, slightly raised, superficial spots 
with a lobed or dendritic margin and a water-soaked border or halo (PL 
,24, A). 'From i to 2 mm. in diameter these lesions may enlarge imtil a 
diameter of 6 to 8 mm. is attained (PI. 24, E). The central portions of 
these lesions, composed of disintegrated mesocarp tissue, soon collapses 
and sinks, and its surface becomes fibrous and rough. In. the larger 
lesions the water-soaked margin is absent and tine centers may become 
so sharply sunken that the lesion resembles a circular dry pit or cra'ter 
with the ruptured;epidermis about its margin (PL 24, L). /Such lesions 
have apparently ceased to enlarge. Absence of'the water-soaked border 
may be taken:as evidence that peripheral enlargement has ceased, and 
it is apparent that fruit legions maybe checked,'at any stage of their 
development. . Actively enlarging lesions are not found;,on mature fruit. 
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, The lesions frequently penetrate almost through the pericarp but ap- 
pareiitiy not into the juicy interior of the fruit. Coalescence of these 
lesions may cause -very large blotchlike areas of disorganized pericarp 
tissue (PL 24, C). As a general rule, no marked malformation of the 
fruit is produced. 

Associated with these lesions are often found small, circular, whitish 
'^bird’s-eye” spots about 2 mm. in diameter with a dark raised central 
point or a lenticular rift at the center and a cavity under the white area 
(PL 24, D). Cases were found in which the blackened scabs of the bac¬ 
terial spot had developed from the dark point at the center of the white 
spot and the white halo was less conspicuous. Preliminary attempts to 
isolate the bacterial spot organism from these white spots have been un¬ 
successful, and such lesions have never resulted from artificial inocula¬ 
tion. It has been assumed that these white “bird’s-eye” spots are a 
form of insect wound through which infection may occur. 

Needle-prick inoculation of fruit in the greenhouse has resulted in two 
types of lesions. Both steel needles and very fine capillary glass points 
have been used. In cases in which the needle was dipped in the inocu¬ 
lum and then inserted into the fruit, no superficial lesion resulted, but a 
rather firm blackish core of infected tissue was produced in the mesocarp 
well beneath the epideraiis, resembling the apple bitter-pit type of lesion. 
When, however, the inoculum w^as applied to the surface of the fruit after 
the needle wounds were made, the lesions rather closely resembled those 
occurring in the field, except that the lesions were brown instead of black 
and caused more of a depression by their inliibition of fruit growth (PL 
24, F). 

Bacterial spot lesions on the fruit may be differentiated from nailhead 
spot caused by Macrosporium by their black or darker brown center, 
irregular margin, water-soaked border or halo, deeper penetration, and 
greater disintegration of the central tissues. Spots resulting from wound 
inoculation with Sepioria lycopersici in the fruit also differed distinctly 
from the bacterial spot. 

On leaves of mature plants in the field, this disease causes small black 
spots with a slight tendency toward an angular outline (PL 25, E). 
These spots may be greasy on the upper surface. The center may be at 
first translucent and the margin black. The central tissue soon becomes 
black and parchmentlike with a tendency to crack at the center. About 
the black center of such lesions, as examined in transmitted light, there 
is a distinct, 3^ellowish, translucent margin. Lesions are more abundant 
on young leaves and often are confined to one or two leaflets of a leaf and 
to certain regions 011 each leaflet such as the basal portion or a lateral half. 

Among the seedlings in the fields noted in Georgia, this disease caused 
a conspicuous spotting of the leaves. There, was in many cases yellow 
discoloration' of the .tissue about the lesions, and badly spotteddeaves 
were distinctly yellowish. ■ Such leaves dropped off very readily. This 
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especially destructive effect of the disease among seedlings has also been 
noted in the greenhouse. 

The leaf lesions are not easily differentiated from Septoria lesions, and 
it is likely that leaf infection has not been previously detected because 
of its similarity to Septoria leafspot. Bacterial spot can be recognized, 
how^ever, by its jet black center, greasy upper surface, less circular out¬ 
line, sharp translucent margin, and.lack of pycnidia. There is more 
abundant infection of young foliage from bacterial spot. 

A somewhat different type of leaf infection has been secured by atom¬ 
izer inoculation under greenhouse conditions. Such lesions first appear 
as small, circular, slightly water-soaked spots, i to 2 mm. in diameter. 
These are at first visible only on one leaf surface and are very incon¬ 
spicuous except as viewed in transmitted light, in which case they appear 
translucent. These lesions soon become visible on both leaf surfaces as 
circular, water-soaked or blackish, translucent, greasy spots which remain 
small on old leaves (PL 26, D). On young leaves such lesions enlarge 
to irregularly circular, dark brown to black spots of a diameter of 3 to 4 
mm. with yellowish or translucent margins (PL 26, C). Under green¬ 
house conditions the lesions exhibit no tendency to be delimited by veins. 

In the early stages of a leaf lesion under very humid conditions in the 
greenhouse the lower epidermis is puffed up by the bacterial mass under¬ 
neath. A greasy exudate is formed on both upper and lower surfaces, 
and occasionally amber droplets of exudate are formed on the lower 
surface. Later the central tissue collapses, and on the old leaves the 
spots appear sharply sunken on the lower epidermis and under a binocu¬ 
lar microscope resemble minute circular pits or depressions with fim¬ 
briate margins. About the margin there is a black lacelike discolora¬ 
tion in the tissue due to the intercellular advance invasion. In large 
lesions on younger leaves the centers become dry and parchmentlike 
and show a very distinct dark lacelike pattern when viewed in trans¬ 
mitted light. These parchmentiike centers are usually brown or tan 
colored, translucent, and have dark, irregularly circular margins (PL 
25, A; 26, B). Such lesions tend to crack at the center. 

Thick-set incipient infection resulting from atomizer inoculation 
may produce large yellow patches on old leaves which become dry, 
dead, areas. Coalescence of lesions may cause the disfiguration and 
death of young leaflets (PL 26, A). Infection of very young, growing 
parts also causes extreme distortion, especially infection of the rachis, 
petioluk, and leaf margin (PL 26, A). 

Cotyledon lesions are usually very small, craterlike pits or, depres¬ 
sions, with an irregular, .margin, and are often gray or^ silvery in color. 
As long as a'Cotyledon remains green a, lesion,,is apt to be visible on 
only one surface,, although lesions may, occur on either surface. When 
^ the cotyledon, becomes older the' lesions become, visible from the other 
surface as dark, lead-colored "Spots,, Badly infected cotyledons,'turn 
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yeilow prematurely* Cotyledon lesions resulting from seed inoculation 
are larger, black or leaden gray, shiny, depressed areas, irregular in 
outline, and often cause distortion (PL 25, B, C). These are likely to 
occur near the tip where the seed coat adhered and was carried up 
after germination. 

Stem, .petiole, and rachis infection is of common occurrence. Such 
lesions are circular to linear, blackened, at first slightly elevated spots 
with a very irregular margin, and are 3 to 5 mm, long, often consider¬ 
ably longer (PL 25, D). 

Petiolule and rachis lesions may cause the death of leaflets, and sec¬ 
ondary infection of seedlings is particularly destructive. Stem lesions 
are not in themselves a serious injury to the plant except near the grow¬ 
ing points. Peduncle and hypocotyl lesions have been produced. 

Inoculation of pepper foliage has yielded circular water-soaked lesions 
similar to those described by Sherbakoff. Fruit and leaf lesions of the 
disease on peppers are well described and illustrated by Sherbakoff* 

Inoculation of potato foliage has resulted in small, sunken, black 
dots on the lower surfaces of the leaves. 

ECONOMIC IMPORTANCE 

Under field conditions, as observed in 1919, bacterial spot is appar¬ 
ently a minor disease of the foliage of mature plants, but its attack 
upon the fruit is very objectionable from both the market and the can¬ 
ning standpoints. The lesions are unsightly and if numerous and of the 
larger type destroy much of the edible pericarp, thus rendering a fruit 
unsalable (PL 24, C, D). In addition, these lesions afford entry to rot- 
producing organisms, 

“ Canners object to this disease because even the rather superficial lesions 
are not removed with the skin but remain on the peeled fruit. Affected 
fruits must therefore be culled out of the first-grade canning stock and 
either discarded or used for catsup. As the result of a chance observa¬ 
tion made at the sorting aprons in a canning factory, September 25, 
w^hile tomatoes grown near Indianapolis were passing over the belt car¬ 
rier, it was estimated that about 5 per cent of the fruits were affected 
with bacterial spot. In fact, growers and canners in general are coming 
to recognize this disease as a real source of loss. Huelsen reports that 
in 1918 a great many tomatoes were thrown out at this factory because 
of bacterial spot, and as a result of his field work in the canning crop 
during, that season, he considers bacterial spot, as it occurs on the fruit, 
a serious disease. Nelson found the disease of serious importance in 
Tennessee and southern Illinois in 1917. He found it in all Illinois fields 
examined. 

, In one out of eight fields examined in southern Georgia w^here seed¬ 
ling transplants were being raised for the use of northern growers, bacterial 
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spot was found to be epidemic and serious. Not only were the leaves 
badly spotted and the plants rendered somewhat objectionable to the 
more observant consignees, but among the plantings badly stunted 
by other unfavorable growing conditions, the severe attack of this dis* 
ease on the foliage was particularly destructive. Later, H. D. Brown 
found bacterial spot of considerable importance in tomato plant beds at 
Campbellsburg, Ind. Definite centers of infection were noted. It is 
evident, therefore, that this disease may be classed among the n»ajor 
diseases of seedling tomatoes. Severe foliage infection causing the death 
of many leaflets was noted on southern-grown plants in a field near 
Kokomo, Ind., in the middle of July. In a warm, wet season, bacterial 
spot may therefore be destructive as a foliage disease in the field crop. 

Link and Ramsay report that bacterial spot equaled nailhead in sever¬ 
ity and prevalence on tomatoes from Dania, Fla., in 1920. 

Sherbakoff found the disease of peppers to be of considerable impor¬ 
tance ' as a blemish of the fruits. Observations in the Chicago market 
bear out this opinion. 

CAUSAL ORGANISM 
ISOLATION 

The first series of isolations from tomato fruit lesions were made in the 
following manner: The surface of the fruit was carefully wiped off wdth 
mercuric chlorid i to 1,000, and the epidermis over a lesion was sliced 
ofi with a flamed scalpel. Portions of the underlying blackened tissue 
were cut out with a flamed scalpel and planted in a poured plate of 
potato agar. Black lesions in various stages of development were used. 
Out of 80 tissue plantings made, only 4 developed fungi, while 73 yielded 
bacterial growth of a more or less uniform type. By plating out from 
these colonies about the tissue transfers, the organism which later proved 
pathogenic was isolated. 

When it thus became apparent that no fungus was associated with 
the black fruit lesions, isolations were made by slicing off the epidermis, 
macerating some of the underlying infected tissue in a drop of steiile 
water on a flamed slide, and plating out from this water in potato agar 
by the loop dilution method. 

Stem' and petiole lesions were rinsed in mercuric chlorid i to 1,000, 
excised with a flamed scalpel rinsed in sterile water, and then macer¬ 
ated in drops of sterile water on a flamed slide. A loopful from each of 
these was transferred to a second drop of sterile water, which was. then 
plated out in potato agar by the loop dilution method. 

^ Leaf lesions were cut out with a flamed scissors, immersed 'in mer-' 
curie'chlorid i'to 1,000 a few,:minutes, rinsed in sterile wate'r,, and mac¬ 
erated in drops vof ' sterile'''water,'from which; plates were ,poured as 
described above. ” . 
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Isolations were made from material collected at Indianapolis, Frank" 
fort, andXa Fayette. From all of these sources and all types of lesions 
the same type of yellow, translucent, rapidly growing bacterial colony 
was obtained. Numerous strains were isolated by transfer to agar 
slants, and all exhibited similar cultural characteristics. The patho¬ 
genicity of a number of these strains was proved by numerous successful 
inoculations in the greenhouse with subsequent reisolation and in many 
cases reinoculation. These tests are discussed on a succeeding page. 
Strains used to any extent were tested for freedom from contamination 
by poured plates. For the detailed morphological and physiological 
study, two strains were used, one isolated from a fruit collected at La- 
Fayette, the other from a leaf collected at Indianapolis. These were 
proved pathogenic by repeated inoculation and reisolation, and their 
purity was proved by poured plates. No marked differences were noted. 
The strain isolated from pepper fruit has not yet been carefully studied. 

MORPHOLOGY 

The organism is a medium-sized rod with rounded ends, usually occur¬ 
ring singly or paired, occasionally in short chains. The cells stain readily 
with ZiehFs carbol fuchsin, anilin gentian violet, and Loeffier's methy¬ 
lene blue. Frequently two heavily staining poi'tions are visible, one at 
each end of the rod. Age of the culture does not appear to affect the 
size measurements. When stained with Loefiier's or Van Ermengem's 
flagella stains, the cells vary in width from 0.65 to 1.35 fx and in length 
from 1.44 to 2.79 jLi, with an average of 0.85 by 1.94 /x, as measured with a 
vernier micrometer. 

The organism is motile by means of one polar flagellum (PL 28, B). 
The flagella were stained by Morrey's modification of Loeffler's method 
and more readily by Van Ermengem's method, in which/by necessity, 
pyrogallic acid was substituted for gallic acid in the formula. Flagella 
were found in both old and young cultures. The best stains were 
obtained from 24-hour beef agar slant cultures, 

Endospores and involution forms have not been noted. It has not 
been possible to demonstrate the presence of capsules by the Welch or 
Fliss methods in stains made from beef, potato, or blood agar. However, 
in greatly enlarged photomicrographs made from Van Ermengem flagella 
stains, a narrow but distinct clear zone or halo about each rod indicates 
the presence of a thin capsule. The organism is Gram-negative. 

cunt URAL CHARACTERS 

The organism grows very readily on a wide variety of culture media. 
For genera! laboratory use' a^2 per cent potato agar with 2 per cent 
peptone was found most satisfactory. In the following studies cultures 
were incubated at 25° C. .unless otherwise' specified. ^ The reactibd:';,':pf 
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media as expressed In Fuller’s scale was adjusted by titration with 
phenolphthalein as an indicator, in which the first appearance of a 
permaneiit pink color was taken as the neutral point. Color determina¬ 
tions were made by reference to Ridgvi,'ay’s color standards.^ Inocula¬ 
tions were made from a water suspension of the organism. A culture 
of Bacilbis coli was carried in a parallel series of tests on' practically all 
the media. 

Agar poured plates. —On 4 - lo beef-peptone agar colonies appeared 
in 24 hours. In 48 hours surface colonies were i mm. in diameter, trans¬ 
lucent, and slightly fluorescent. .In 5 days -surface colonies were 2 
to 3 mm. in diameter, circular with entire margins, convex or pulvinate, 
smooth, glistening, translucent, and straw yellow. Submerged colonies 
remained very small and were lenticular in shape, except that those in 
contact with the bottom of the dish spread underneath the agar to form 
circular, grayish fluorescent spots. The agar was unchanged in color, 
and there was no odor. 

On plain potato agar, growth -was more abundant and the yellow 
pigment was more pronounced. In 10 days colonies were 8 mm. in 
diameter, circular with entire margins, pulvinate, smooth, glistening, 
and naphthalene yellow (PL 28, D). Submerged colonies remained 
small and lenticular or three-cornered. On potato agar with 2 per cent 
peptone the colonies attained a diameter of 7' mm. in 5 days. On+5 
potato soft agar {1% per cent), colonies resulting from the planting of a 
2-mm. loop of a water suspension on the agar surface attained a diameter 
of 40 mni. in 7 days. In the peripheral zone there were distinct radial 
striations of denser pigmentation, while the central zone showed a gran¬ 
ular or netted pattern. The consistency was butyrous or gelatinous. 

Agar stabs. —On +10 beef-peptone agar, a rather scanty filiform 
growth with a beaded outline occurred along the stab, more noticeably 
toward the top; and the surface growth, which was rather scanty at the 
end of 2 days, later became abundant. 

On plain potato agar, scanty growth occurred along the upper 5 to 10 
mm. during the first 2 days and later was visible along the upper 15 mm., 
but not at the lower end of the stab. The surface growth in 2 clays was 
abundant, convex, smooth, glistening, and naphthalene yellow. After 
18 days the entire surface was covered 5 mm. deep. 

Agar 'slant,— On -f 10 beef-peptone agar, the growth was abundant, 
at'first'filiform, later spreading with an entire margin, raised, smooth, 
glistening, translucent, at 2 days massicot yellow, at 5 days mustard 
'yellow,-and-at 19,days anilin yellow. 'Along the edge of the culture 
;there were -short' parallel striations of denser color perpendicular to the, 
margin.'-:'i'--'Th€,'''agar;-remainednnchanged in color, and there w,as no'odor. 

On plain potato Agar'the' growth was'-more 'vigorous and 'ini'5 'days -.was 

' »Ru[>a]^WATr, Robert cow stTANbARos NOjiiJWCWTimi®.-'- 43 p., 33:,col pi* W%$bmgtoa, 



Apr* 15, 19SI 


Bacterial Spot of Tomato 


133 


abimdant, spreading with an entire margin, convex, smooth, glistening, 
and translucent. At 2 days the color w^as marguerite yellow, and at 5 
days it was naphthalene yellow with short parallel striations of denser 
color perpendicular to the margin and a granular or netted pattern 
through the center. At 9 days the color rvas a straw to amber yellow, 
and the surface of the agar was covered by the profuse growth. The 
consistency was gelatinous. The color of the agar was unchanged. 
There was no odor. 

On plain 2 per cent dextrose agar the growth was almost as vigorous 
as on potato agar and at 4 days was a marguerite yellow. 

GEUAtiN PUATES.—On gelatin plates incubated at 18° C., circular 
yellow colonies 3 to 5 mm. in diameter were visible in 5 days, lique¬ 
faction was at once evident as saucer- or cup-shaped cavities under the 
colonies, and very soon the entire contents of the plates were liquefied. 

Geuatin slabs. —^In stab cultures held at 18° C., scanty growth at the 
surface and a filiform growth along the upper half of the stab were visible 
in 3 days. In 4 days liquefaction was evident in a cup-shaped cavity 
on the surface. The subsequent liquefaction was of the stratiform type, 
progressing slowly downward until in a month the liquefied portion was 
2 to 3 cm. deep. There was a yellow precipitate at the bottom of the 
liquefied portion. No change occurred in the color of the gelatin. 

Potato cylinders. —On steamed potato cylinders growth was more 
profuse than on any other culture medium. In 2 days the growth was 
abundant, spreading, raised, smooth, glistening, and butyrous or gelati¬ 
nous in consistency, and a naphthalene yellow in color. In 5 days the 
color had deepened to a straw yellow and later became amber yellow* 
In 10 days the cylinder was completely immersed in the gelatinous bac¬ 
terial growth. The color of the potato tissue was not altered. 

On sterile uncooked potato cylinders growth appeared in 2 days and 
was abundant in 4 days but was checked by drying of the medium. A 
conspicuous channel, lined with blackened slime, marked the path of the 
needle stroke.' Microscopic examination of the disintegrated tissue 
showed the cells separated to some extent by middle lamella solution 
and:the cell walls'browB' in color.^ On sterile green tomato disks simi¬ 
larly inoculated a blackened channel was also formed,' but the' subse¬ 
quent development was much more profuse. There was no bad,odor 
produced. The growth was abundant, spreading,' smooth, glistening, 
and yellowish. A shallow layer of the underlying tissue was softened 
and blackened, and the tissue was darkened and water-soaked in advance 
of the,rot. Microscopic examination of the affected tissue showed the 
cells separated to^a limited extent as if by middle lamella solution. 

M,ilk.'—A slow clearing without coagulation occurred in milk cultures* 
I,n 5 days a yellowish surface film was formed, and a slight clearing was 
visible near the'surface. ,ln 10 days the entire culture w^as, translucent 
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and in 20 days the liquid was semitransparent with a yellow precipitate 
in the bottom of the tube. The consistency of the liquid was unchanged, 

Litmus milk. —Lavender-colored litmus milk was completely decolor¬ 
ized in 10 daysj but no pink color was produced. Therefore no acidity 
was produced. In 20 days the blue color reappeared in the bottom of 
the tube, but the upper part of the liquid remained amber-colored. 
Clearing caused by digestion took place as described above, and a yellow 
surface film and precipitate were formed. 

Brom cresol purple in milk. —In accordance with modern bacterio¬ 
logical technic (2), the litmus milk tests were supplemented by the use 
of milk containing brom cresol purple in a concentration of 0,0016 per 
cent, which gives a distinct bluish color. This indicator changes from 
its alkaline purple color at a hydrogen-ion concentration of Ph 6.8 to its 
acid yellow color at 5.2 and affords a more reliable index of the changes 
in the true acidity of milk than does litmus. Twelve days after inocula¬ 
tion there was no change in color, but in 16 days the inoculated tubes 
were a deeper blue than the controls. At no stage did the color become 
lighter. The hydrogen-ion concentration in milk was therefore lowered 
by the growth of this organism. 

Methylene blue in milk. —P.eduction of methylene blue ocurred* 
Decolorization began in 2 days, and after 5 days all the liquid except a 
surface layer 5 mm. deep was completely decolorized. At the end of 20 
days the upper layer of 20 mm. in depth was a light grass-green. 
Digestion of the milk occurred as previously noted, and a yellow preci¬ 
pitate was formed. 

Reduction oe nitrates. —In fermentation tubes containing i per 
cent potassium nitrate bouillon, a light growth occurred in the open arm, 
but there was no growth in the closed arm. No gas was formed. Tests 
with TrommsdorPs reagent indicated that there was no nitrite formed. 
Additional tests were made,with test tube cultures in 2 per cent Difco 
peptone water containing 1 per cent potassium nitrate. Good growth 
occurred, but no test for nitrites nor ammonia was secured at 4, 6, and x i 
day intervals. Therefore nitrates were not reduced. 

Caisson metabolism. —For fermentation tubes, a 2 per cent peptone 
solution was used as the base for six solutions made by adding 2^ per cent 
of the following carbon compounds: dextrose, saccharose, maltose, 
lactose, glycerin, and mannit. Cultures were run in duplicate and'in¬ 
cubated at 22*^ C. In 3 days there was heavy clouding in'the open arm 
of. each tube and no growth whatever in the' closed arm. There was a 
sharp'plane, of separation between the clouded and the clear medium. 
In xo days a yellow^ surface pellicle .and yellow.precipitate had formeddn 
the,: open arm in'each case.,, , The plane of separation mentioned, above 
' was not quite so 'sharp, and 'iB'Scme cases where the:,connecting tube was 
' of greater diamet^r''.a.sli|,ht ,€lo,uding was,,'noted in' the. .closed ami. No 
gas was produced in any of these tubes,’whereas iu'the coli 
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cultiires heavy growth in the closed arm and abnndant gas formation 
had occurred. 

After 40 days, titration with phenolphthalein showed that there was 
very little change in acidity. The saccharose and mamiit cultures were 
slightly more acid than their controls, the maltose culture was unchanged, 
the dextrose and glycerin cultures were slightly less acid than their 
controls, and the lactose culture was quite decidedly less acid. All the 
Bacillus coli cultures showed greatly increased acidity. 

To determine more accurately the changes in true acidity in these 
media, recourse was had to the sulphone-phthalein indicators as advocated 
by the Society of American Bacteriologists (2). Three series of four test 
tubes each of the six media described above were prepared. One series 
contained brom cresol purple, one contained brom thymol blue, and the 
third contained phenol red. The indicators were used in a concentration 
of 0.0016 per cent. The characteristics of the three indicators are pre¬ 
sented in Table I. 


Table I .—Changes in acidity as shown by sulphone-phtkaUin indicators 


Indicator. 

Full acid 
color. 

Full alkaline 
color. 

Sensitive 

range. 

Brom cresol purple. . 

Yellow, . .. 

Purple.... 
Blue. 

Pk. 

5.2 to 6,8 
6.0 to 7.6 
6.8 to 8.4 

Bmm tlTvmol blue. .. 

., .do...... .1 

Pbennl rpHI. ...*. . 

i. . .do....... 

Red. 

i i 



Thus these indicators should serve for Pa values between 8.4 and 5.2, 
but our standards made up according to Sorensen^ showed that the 
usable range was more restricted. The media were adjusted to a 
slightly alkaline reaction of about Pa 7.5 as indicated by the blue 
shade of brom thymol blue and the yellowish red with phenol red. This 
gave a full alkaline purple with brom cresol purple. These tubes were 
sterilized, and two of each set of four were inoculated with the bacterial 
spot organism, one was inoculated with Bacillus coli, and one tube was 
held as a control. All were incubated at 22^^ C. 

Vigorous growth occurred in all the cultures. A surface pellicle and 
precipitate were formed in every case. Observations were made at the 
end of 2 days, 7 days, 14 days, and 43 days. In all the cultures of the 
tomato organism containing brom cresol purple and brom thymol blue 
there was no change in color, while in the cultures containing phenol red 
a brighter red color appeared within 14 days and all were uniformly, 
brighter red at the end of 43 days. The lactose cultures were the first 
to show this red. All the Bacillus coli cultures became yellow. The 
controls remained unchanged. , 


^^6r«NSSN, S. P.X. BIS’ MJasSXTNG XJNB BBD^TltTONG 3DER WASSBKSTOWONBM-KONJEBJSnCIUWOH 
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Since none of the cultures of the tomato organism showed any change 
tow^ard the yellow color, it is evident that in no case was there any increase 
in the hydrogen-ion concentration. On the contrary, as indicated by 
the phenol red, there was a decrease in the hydrogen-ion concentration 
to some point in the neighborhood of. Ph 8. This decrease occurred 
most rapidly in the lactose cultures. 

That this failure to produce acid was not due to the possible masking 
effect'of the alkaline products of peptone digestion was proved by the 
fact that in a bouillon culture containing 5 per cent peptone there was 
after 3 days’ incubation no decrease of the hydrogen-ion concentration as 
indicated with phenol red. 

AgaR' with sugars. —^Abundant growth occurred in slant cultures on 
litmus dextrose, litmus maltose, and litmus lactose agar. There was no 
change in the litmus lactose agar until after 20 days, when the color 
became more bluish. In the other two media the litmus was entirely 
faded at the end of 10 days because of reduction, but a pale blue color 
returned at 20 days similar to that in the lactose agar. No pink color 
was produced at any time. This indicates that there was no increase 
in acidity. A pink color was produced in a parallel series of Bacillus 
coli cultures. 

" To check up the test with litmus, a similar test was run in a triple series 
with the three sulphone-phthalein indicators described above—that is, 
brom cresoi purple, brom thymol blue, and phenol red. These media 
were adjusted to a reaction very close to true neutrality or Ph 7 as indi¬ 
cated by the grass-green color of the brom thymol blue and the yellow 
color of the phenol red. Abundant growTli occurred. While the Bacil¬ 
lus coli cultures became distinctly yellow, there was no marked change 
in the other cultures. The phenol red assumed a more distinct red 
than the controls. The brom thymol blue in the dextrose agar and the 
brom cresoi purple in the dextrose and maltose agars faded slightly. 
With the tomato organism, therefore, no increase in acidity occurred in 
these sugar agars. 

Action on starch. —In plates of beef agar to which potato starch 
was added, halos 3 to 6 mm. in width appeared about the colonies from 
loop,plantings at the end of 5 days. When a solution of iodin in potas¬ 
sium iodid 'was added, the clear zones under and around each colony 
proved that the starch had been' destroyed therein. In similar plate 
cultures on agar containing corn starch, clear halos were also visible 
when the iodin test was applied. There was, therefore, vigorous diastatic 
action on potato and corn starch, by an enzym which diffused out into 
the'agar. 

' .The cooked. potato tissue used as a culture medium; was tested with 
iodin.'^ Microscopic examination' showed^ that' tissue,^disintegrated 
by 'the"growth;ofthe"Orgaiiism ''gave no' blue color^'^even, within the"cells, 
#Mle in 'the'; uninoculated",tissue’''a 'deep;,'blue"color developed.'' In'the 
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cultures on uncooked potato cylinders, starch was still present in the dis¬ 
integrated tissue. There was, therefore, strong diastatic action on the 
starch in cooked potato tissue. 

Action on cellulosk. —No evidence of any dissolving action 'on cel¬ 
lulose was secured by Sohngen’s method,^ in which filter paper is'black¬ 
ened by dipping in manganese sulphate and potassium permanganate, 
sterilized, and moistened with nutrient media previous to inoculation. 
Cytolytic action would be evidenced by the disappearance of the black 
manganic oxid. 

Tests for indol and ammonia. —Cultures in beef-peptone bouillon, 
6 days old, gave no test for indol when tested with potassium nitrite 
and sulphuric acid. Similar cultures of Bacillus coli gave a positive test 
for indol. Cultures in 5 per cent peptone bouillon }delded no test for 
indol after 5 days' incubation at 22° C. and no test for ammonia with 
Nessler’s reagent. 

No growth occurred in Fermi's, Uschinsky's, and Cohn's solutions. 

Beood serum. —^Stroke cultures on plain solidified blood serum after 
3 days showed abundant growth, spreading, raised, smooth, and glisten¬ 
ing. Liquefaction had begun, and at 9 days a channel was formed 
along the stroke and the bacterial growth was yellow. 

On slants of Loeffler's blood serum, the growth in 3 days was abun¬ 
dant, spreading, flat, smooth, glistening, and yellow in color. No lique¬ 
faction occurred, and the subsequent growi:h was not as vigorous as on 
plain blood serum. 

Toleration of sodium chlorid. —^Tubes of neutral beef-peptone 
bouillon containing 0.5, i, 2, 3, 4, 5, 6, 7, 8, 9, and 10 per cent of pure 
sodium chlorid were used in this test. Good growth occurred in the 
presence of 0.5 per cent and i per cent sodium chlorid, but not in any 
of the higher percentages. Bacillus coli tolerated as high as 5 per cent, 

Toleration of acidiTy.^ —Tubes of beef-peptone bouillon titrating 
+ +25,'+22, +20, +iS, -1-15, +14, *f 12, -f 10, +5, o, —5, —10, 

*—20, —25, -“30, and —40 were prepared. These media were adjusted 
by the use of normal hydrochloric acid and normal sodium hydroxid. 
Growth occurred only in the d-io, +5, o, —5, and —10 tubes and was 
most vigorous in the +5 broth and least vigorous in the —5 and —10 
broth. The upper limit of, tolerance lies, therefore, between +10 and 
-f 12 and the lower limit between —10 and —20. Bacillus coli grew at 
•+•20 and —30. 

That the acidity in the +10 and +5 cultures was neutralized by the 
organism was proved by adding a few drops of the indicator phenol red. 
ThiS' remained red, proving that the Ps value had been low^ered to a 
point below 7.7, W’^hile the control as tested with methyl red had a Ph 
value of, about 5.8. 

L. t?WWAJJlDI.UH<5]SN VOH, MANGAUVSKBlNDtJNGQN TOXBR J>nU 
OJ.OGKCHKR PROZESSEv Jn 'Cmttt; 'BaJct. Abt. 2, Bd. 40, Ho. 22/25. P* 545’^S54, 3 pb 19K4. ' '' 



Journal of Agricultural Research 


Vol. XXI, No. 2 


138 


To determine the tolerance of true acidity as indicated by the hydrogen- 
ion concentration, duplicate series of tubes of beef-peptone bouillon 
were adjusted with normal hydrochloric add to the Ph values presented 
below by the comparison of the indicator methyl red in the tubes with 
a set of standards. For the Ph 6.4 series, brom creso! purple was used. 
After inoculation these tubes were incubated at 22^ C, The results are 
presented 111 Table IL 


Tabi^B II. —Tolerance of acidity as indicated hy growth in media at various hydrogen-ion 
concentrations, incubated at 22° C. 


Incubation 

period. 

Pa 6.4. 1 

Ph 5.8. 

Ph 5.6. 

Ph 5-4. 

Ptt 

3 days.... 
5 days.... 

Heavy growth 
A ..,.do. 

Light growth. 

No growth,... 
Light growth. 

No growth.... 
Light growth. 

No growth. 
Do. 


The tubes of Ph 5.3 were then heavily reinoculated from a slant cul¬ 
ture, and in 3 more days growlh was evident. The acid range was 
then extended and the test repeated. This set of cultures was incu¬ 
bated at 25® C. The results are presented in Table IIL 


TabbB III- —Tolerance of acidity as indicated by growth in media at various hydrogen-ion 
concentrations, incubated at 25° C. 


Inai- 

bation 

period. 

Ph 5.4. 

Fh 5-3- 

Ph 5.2. 

Pas- 

Ph 4.8. 

Ph 4.7, 

Pa 4,6. 

3 days.. 

4 days.. 
ja days. 

No growth... 
Eight growth. 
Heavy growth 

No growth, .. 
Light growth. 
Heavy growth 

No growth. 

.do. 

.... -do. 

No growth. 

.do..... 

.do. 

No growth. 
.do.,... 

No growth, 

.do...,, 

.do. 

No growth. 
Do. 

Do. 


At the end of 12 days the tubes in which no grow^th had occurred were 
reinoculated from one of the cultures that grew at Ph 5-3. In 7 days 
growth had occurred in both the Ph 5-2 tubes and in one of the two 
Ph 5 tubes, but in none of the others. Therefore, the upper limit of 
tolerance of the hydrogen-ion concentration may be taken as Ph 5.3, 
although this w^as increased to Ph 5.2 and Ph 5 by reinoculatioii from 
cultures growing in media of Ph 5.3. 'Development is noticeably checked 
by a Ph value of 5.6, and Ph 6.4 is more favorable than Ph 5.8. 

TEMPERATURE RELATIONS 

The organism grows'well in a wide range of temperature. Slant and 
/plate cultures on, potato agar, inoculated by strokes made from a water 
suspension, of the bacteria and incubated in moist, chambers at 10®, 15®, 
;r8^,'22®, 25°,'30®,,and, 35° C,, 'proved that the organism was,able to 
'develop,at All, these temperatures. At, 10® the,growth was very slow, at, 
'','i5;®',it"waS"'tiior^"abtUadahtiyandfairly good growth' occu'tred; The 
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development at 35 was not mnch better than at 15°. The most vigorous 
development occiirred at 22®, 25^, and 30®; and although there was very 
little noticeable difference, the optimum temperature seems to lie between 
25® and 30®. High temperatures in the greenhouse noticeably shorten 
the incubation period. 

All interesting correlation between temperature and pigmentation was 
noted. In the cooler temperatures the yellow color was more intense 
than in the higher temperatures, ranging from a barium yellow at 10® C. 
to a naphthaline yellow at 22° and a marguerite yellow at 30° and 
At 35® the colonies soon became almost colorless and translucent. 

In determining the thermal death point, water suspensions from agar 
slant cultures were subjected to lo-minute exposures to a series of tem¬ 
peratures in a water bath and tested by loop transfers to agar slants. 
As a result of two trials it was determined that the thermal death point 
lies between 49° and 50° C. 

OF SUNUGHT 

The organism was found to be very susceptible to sunlight. Practi¬ 
cally complete sterilization of the unshaded portions of agar poured plates 
was obtained by 20, 30, and 40 minute exposures to morning sunlight. 
When a black background wms used, colonies developed in the shaded 
portions of the plates, but when a white background was used, colonies 
failed to develop even in the shaded portions of plates exposed 40 and 60 
minutes. This indicates that the organisms are killed by reflected white 
light as well as by direct sunlight. 

RESISTANCE TO DESICCATION 

The organism is very resistant to desiccation. When dried on sterile 
cover glasses it was found alive after 25 days. In this test a loopful 
of a water suspension of the bacteria from an agar culture was allowed to 
dry on each cover glass. Tests were made by inserting the cover slips 
into tubes of slanted agar. 

To determine the resistance to desiccation on tomato seed, a water 
suspension of the bacteria was poured over sterilized seed in Petri dishes 
and allowed to dry. This seed was tested at intervals by planting in 
agar plates. In a test as yet unfinished the organism was still viable 
after: 11 months* desiccation. As-wilTbe discussed later, it has already 
been,proved that the organism lives over winter on the seed. 

susceftibiuty to germicides 

In a 'water suspension of the bacteria, complete sterilization was 
obtained by s^minute exposures to mercuric chlorid in concentrations of 
1 'to 1,000, i. to 2,000, and i to 4,000, and by 5-mmute exposures to-10 
per cent,"5'per cent, and 2 per cent,commercial formaldehyde,"v'-'' 
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TAXONOMY 

As has been previously pointed out^ many workers have found bacteria 
associated with tomato diseases, particularly blossom-end rot. The 
bacteria isolated by Earle (5), by Stuart (i^), and by Miss Smith (16) 
from blossom-end rot are not named nor are they adequately described. 
They show no similarity with the form causing bacterial spot. 

The bacteriosis of tomato described in 1910 by Pavarino (ii) is of 
considerable interest. While the fruit lesions are very evidently 
blossom-end rot, stem and foliage lesions are also present. He isolated 
from both fruit and leaves a yellow organism with which successful 
wound inoculations were made on fruit, stems, and leaves. He named 
this organism Bacterium hriosii. In morphology and cultural characters 
this closely resembles the organism causing bacterial spot except that 
it has I to 4 fiagelia, the agar colonies have a lobed margin, and its 
optimum temperature was lower. As has been previously stated, it is 
necessary to admit that Pavarino may have been working with a com¬ 
bination of blossom-end rot and bacterial spot, but the description is 
not sufficiently clear-cut to justify the assumption that Bad briosii 
is identical with the organism causing bacterial spot. Pavarino and 
Turconi (12) recently have described a Bacillus capsid as the cause of a 
pepper-wilt disease in Italy. This organism differs from the tomato 
organism in that its colonies are whitish gray and it produces acid and 
coagulates milk. 

The organism isolated by Groenwege (6) in 1912 from tomato blossom* 
end rot and named by him, Phytohacter lycopersici, rather closely 
resembles the organism under consideration in cultural characters. 
However, the flagellation is not described, and his account of mutations 
in his cultures suggests the presence of more than one species. In 
addition, infection was secured only upon the mature or ripening fruit. 
There are not, therefore, sufficient grounds to assume that his P. lyco- 
persici is the same as the organism causing bacterial spot. 

Perotti and Cristofolletti (ij) in 1914 report from Italy a Pseudomonas 
polycromigena associated with Cladosporium herharum as a secondary 
invader of tomato fruit. In both pathogenicity and cultural char¬ 
acteristics this organism is quite unlike the one causing bacterial spot. 

Nelson, working with Coons (j), isolated from true bacterial spot a 
yellow organism, with which fruit inoculation was successful Recently 
Link and Ramsay have isolated a yellow organism from bacterial spot 
on^ Elorida tomatoes, cultures ■of which closely resemble tft>se of 
the causal organism. Sherbakoff (15) isolated a yellow organism from 
bacterial.,Apot.',of pepper ■ and proved its pathogenicity. ,Link'and 
Ramsay have also isolated a , yellow organism from pepper-scab, and 
,the similarity of'thei,r cultures to those which they isolated from tomatoes 
led them, to suspectthe pepper^ andTomato^ diseases ■ were related. 
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It was upon their suggestion that the successful cross inoculations sub¬ 
sequently reported were made. 

Since the organism known to be involved in bacterial spot of tomato 
has not been described and named/ it is given the following chacterizatiom 

TECHNICAL DESCRIPTION 
Bacteritun ©xitiosum, n. sp.^ 

Cylindricai rods, rounded at ends, solitary or in pairs; individual rods 1.5 to 2.7 
by 0.6 to 1.3 motile by a single polar flagellum; aerobic, no spores; not conspicuously 
capsulated. 

Superficial colonies on potato agar, round, pulvinate, smooth, glistening; naphtlia- 
iene yellow, with radial striae of color in peripheral zone; margin entire. 

Gelatin rapidly liquefied; no acid produced in milk; digests casein; nitrates not 
reduced; no acid or gas produced in media with various carbohydrates; Gram-negative. 

Group number 211.3332 513. 

Pathogenic on Lycoperskum esculentum Mill, forming lesions on leaf blade, rachis, 
petiole, cotyledon, stem, peduncle, and green fruit. Fruit lesions destructive. Also 
pathogenic on leaves and fruit of Capsicum annuum L. and on leaves of Solanum 
iuherosum L, 

Type locality: Frankfort, Ind. 

Distribution: Widespread. 

PATHOGENICITY 

Since the fall of 1919 numerous series of inoculations upon tomatoes 
under greenhouse conditions were attended by uniformly successful 
results. Cultures from four sources were used, but most of the work 
was done with the two strains used in the cultural tests. Repeated 
reisolations have been made, and the identity of the causal organism has 
been verified. One reisolated strain was extensively used in cultural and 
inoculation tests. Reciprocal cross inoculation upon pepper and tomato 
plants has also been successful. 

Foliage infection of tomato was readily produced by spraying plants 
with an atomizer containing a water suspension of the organism from 
agar cultures. For much of the foliage inoculation work a moist chamber 
was used, but it was found that ordinary greenhouse conditions also 
permitted infection. Infection of green fruit was obtained through 
puncture wounds. Cotyledon infection was effected by spraying flats 
of seedlings and by planting inoculated seed. The incubation period on 
foliage was three to six days and on fruit five to six days. Typical 
inoculation tests are described in the following paragraphs, 

FOEIAGE INOCULATION 

On January 31 two small potted tomato plants were thoroughly 
atomized on both upper and lower leaf surfaces with a water suspension 
of the orgamsm from an agar slant culture 8 days old.' These plants were 

^ See footnote reference o» page 125 to tlje work of Miss E, M. Doidge, ■ ^ 

, ® According to Migula*s 'classification and Buchanan's revision the combination would, be ■Psmdommm 
(Buchanan, R, E. , studies in xhs nomhnclatueb anb classificakon of xe» bao 
' V. SOTOEOUFS AND GSNEKA Of -THE BACTERIACBAE. In JOUT. Bact„ V. 3 » HO; I, p. WS'.)' 
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held in an inoculation chamber in which the ternperattire varied from 
59° to 90° F. Ten days later there were numerous lesions on both plants. 

On February 12 two small tomato plants were atomized with a water 
suspension from a 34-day-old agar slant culture, one (A) on both leaf 
surfaces and one (B) on only the upper surfaces. These plants along with 
a third plant (C) atomized with distilled water as a control were held 
in an inoculation chamber. Five da3J^s later numerous incipient lesions 
were visible on the lower surfaces of the leaves of plant A. The next 

day one lesion was found on plant B. After ii days, plant A was 

heavily infected, plant B showed only a few lesions and these were on 
rachises and young leaves, and the control plant C was free from infec¬ 
tion. This indicated that infection occurred more readily through the 
lower epidermis. 

A second test yielded similar results. On February 14 two plants 
were atomized with a water suspension of the organism, one (A) on 
both leaf surfaces, the other (B) on only the upper surfaces of the leaves, 
After three days in the inoculation chamber, a few incipient lesions 

were noted on plant A, and by the next day the leaves were thickly 

dotted with incipient lesions. No lesions were found on plant B. Nine 
days after inoculation the coalescence of lesions was causing the death 
of large leaf areas on plant A. A very few scattered lesions had ap¬ 
peared on the younger leaves of plant B, while the older leaves were 
practically free from infection. 

In another test in which 16 plants were inoculated, 8 on the lower 
leaf surfaces only and 8 on the upper leaf surfaces, much more abundant 
infection was secured where the lower leaf surfaces were inoculated. 
These plants were removed from the moist chamber in sets of four at 
intervals of one day, two days, four days, and six days. The infection 
on the plants removed at the end of one day was not quite as heavy as 
on those' removed after the longer intervals. Otherwise, no marked 
Influence of the humidity factor was noted. 

In all these foliage inoculations, the lesions on the young leaves became 
larger than on the old leaves (PI. 26, C, D), Rachis, petiole, and stem 
lesions were also obtained, but no fruit infection occurred. In subse¬ 
quent inoculations made during the warmer weather, incipient lesions 
have been detected as soon as 36 hours after inoculation. 

With a tomato culture, characteristic leaf lesions have been produced 
on pepper plants by atomizer inoculation; and with a culture isolated 
from bacterial spot on a pepper fruit, typical foliage infection has been 
secured on tomato. 

With a'tomato culture, characteristic leaf lesions‘have likewise^ been 
produced on potato plants by atomizer 'inoculation. These lesions were 
small, sunken, black dots, on the lower surfaces,of theleaves. ■ , 

To summarize, it may'be said that tomatO' foliage infection' 'Showed 
up Two to five, days,after‘atomizerinoculation,''that'jnfectio'U occurred 
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more abundantly through the lower leaf epidermis, that the young leaves 
are more susceptible, and that typical infection was obtained with the 
organism from pepper* Infection of pepper and potato foliage has also 
been obtained* 

FRUIT INOCULATION 

On November 21 numerous punctures w^ere made in a green fruit and 
two ripe fruits with a flamed needle which was frequently dipped in a 
bouillon culture of the organism. No infection occurred on the ripe 
fruits. After 11 days dark discolored areas were noted about the punc¬ 
tures in the green fruit and small blackened cores were found about such 
punctures when the surface of the fruit was sliced off. With a sterile 
scalpel, portions of this blackened tissue not in contact with the needle 
channel were removed and crushed in sterile water. In agar plates poured 
from this inoculum the causal organism was recovered. 

On November 20 numerous very shallow needle punctures were made 
in two green tomatoes which were suspended in moist chambers and 
sprayed ^ith a bouillon culture. Infection occurred about most of the 
needle wounds in the shape of submerged, firm, blackened cores 2 to 3 mm. 
in diameter. 

On December 8 five green fruits and one half-ripe fruit were lightly 
punctured with a needle which was repeatedly dipped in a bouillon cul¬ 
ture. Two other green fruits were similarly wounded with a sterile 
needle* Fourteen days later infection had occurred about most of the 
punctures on four of the green fruits but not on the fifth which had 
ripened in the meantime nor on the fruit which was ripening when inocu¬ 
lated. The two controls remained free from infection* A successful 
reisolation of the organism was made from one of the inoculated fruits. 

On February 25 two green fruits were wrapped in cotton which was 
then saturated with a water suspension of the organism. By the sub¬ 
sequent addition of sterile water the cotton was kept wet four days* 
This test was later repeated, but no infection of the fruit occurred. On 
March 25 this test was repeated -with two green fruits which were punc¬ 
tured with a sterile needle before applying the cotton and inoculum. At 
the end of six days infection was evident about many of the punctures, 
and the lesions were rather shallow and more nearly resembled natural 
infection (PL 24, F). 

On March 2 eight small and two large green fruits were punctured with 
a needle dipped in a wmter suspension of the organism. All showed in¬ 
fection about the needle wounds.’ 

In April, celluloid cylinders plugged with cotton were suspended about 
four fruit clusters: to act as damp chambers. These fruits were punctured 
with a sterile needle and sprayed with a water suspension of the organism* 
At the end of 10 days infection was visible about most of tlie wounds* 
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To obtain more miniite puncture wounds, small glass tubing was drawn 
out to very fine capillary points which were reinforced with a block of 
paraffin, leaving only about i mm. of the point projecting. On May 8 
eight green fruits were punctured with these glass points and wrapped 
in absorbent cotton. In four of these cases the cotton was moistened 
with a water suspension of the organism and in the other four with sterile 
water for^ controls. Abundant infection developed about the punctures 
on the four inoculated fruits and none on the controls. Four green 
fruits were also punctured with glass points dipped in the inoculum and 
then covered with moist cotton. All of these likewise showed infection 
about the punctures. These lesions more closely resembled field infec¬ 
tion than those resulting from needle punctures, but even the capillary 
points apparently produce larger w^ounds than those through which field 
infection evidently occurs. None of the uninoculated punctures resulted 
in the wffiite “bird's-eye*^ spots which so often accompany bacterial spot 
in the 'field. At the same time five fruits which were just beginning to 
turn yellow and ripen w^ere inoculated by puncturing with the glass points 
and applying cotton moistened with the inoculum. No infection oc¬ 
curred on these fruits. 

A number of ripe and green fruits were picked from the vine, punctured 
with the glass points, placed in glass moist chambers and sprayed with 
inoculum. No infection occurred. This would indicate that no infection 
is likely to occur after the fruits are picked. 

In a later series of inoculations of ripening fruits, numerous very small 
jet-black spots with irregular, lace-like borders w^ere obtained. These 
lesions were somewhat suggestive of the fruit blemish termed “blotch” 
in the parlance of market pathology. While reisolation from these 
lesions was unsuccessful, these results render it unsafe to state that 
mature fruits are absolutely immune to infection. 

Needle prick inoculations in green tomatoes with the organism isolated 
from pepper bacterial spot have resulted in lesions similar to those pro¬ 
duced by the cultures from tomato. 

To summarize, it should be noted that: (i) No fruit infection occurred 
on plants atomized for foliage infection; (2) no infection occurred on 
unwounded fruits wrapped in cotton saturated with inoculum; (3) 
infection was obtained by puncturing fruits with a needle or glass point 
dipped in inoculum; (4) infection was obtained by puncturing the 
fruits with a glass point or sterile needle and then spraying the surface 
with inoculum or covering the surface with cotton soaked with inoculum | 
(5) only rarely, if at all, was infection obtained on mature or ripening 
fruits, and'field observation also' indicates that fruit infection occurs 
only when the fruit is green; (6) the organism from pepper caused typical 
fruit infection on tomato* . ' ' 
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COTYLEDON INOCULATION 

Infection on both tipper and lower surfaces of the cotyledons was 
readily obtained by spraying a flat of seedlings with a water suspension 
of the organism in an atomizer. This infection consisted of small, sunken, 
silvery or lead-colored, well-scattered spots visible only on one surface 
of the cotyledon. Secondary infection of cotyledons in flats of seedlings 
as a result of ordinary sprinkling irrigation was similar in appearance 
and of common occurrence (PL 25, B). Primary cotyledon lesions 
resulting from seed-borne infection are discussed below, 

SEED INOCULATION 

On February 12 three small gauze packets (A, B, and C) of tomato 
seed were dipped in a water suspension of the bacteria from agar slant 
cultures. Lots A and B were dried at once, and lot C was immersed 
five minutes in a 10 per cent solution of formalin, rinsed thoroughly, and 
dried. Lot D consisted of similar seed, not inoculated. Parts of these 
seed lots were then planted the next day in fiats in the greenhouse, and 
the seedlings were carefully examined at intervals for cotyledon infection. 

The results are presented in Table IV. 

Tabi^E IV .—Seedling infection 


Seed 

Treatment. ■ 

Num¬ 
ber of 
plants. 

Number showing ia- 
fection after — 

Per¬ 

centage 

show- 

lot. 

12 

days. 

21 

days. 


ingin- 

feo* 

tion. 

A, ... 

B. 

Tnoqtilated. ... 

2S3 

^95 

277 

186 

0 

24 

26 


13 

0 

.dt). ..... 

0 


C.... 

D 

Inoculated and treated in fonnaltn. 

0 

0 

0 

Not inoculated ... 

0 

0 

0 

0 

i 







Thus, about 10 per cent of the inoculated seed yielded infected seed¬ 
lings, whereas uninoculated seed and sterilized seed yielded disease-free 
seedlings. The primary cotyledon lesions were characteristically differ¬ 
ent from the cotyledon lesions, described' above. The primar})^ lesions 
were larger and fewer in number,, frequently only one on a cotyledon, 
more commonly on the dorsal surface, and very often both cotyledons of 
an affected seedling bore such lesions in corresponding positions. Pri¬ 
mary lesions w^ere black, shiny, depressed areas, 2 to 8 mm. in diameter, 
at first visible on only one surface of the cotyledon (PL 25, C), Such 
lesions were often found associated with the adhering seed coat and fre¬ 
quently occurred at the tip of the cotyledon'or at the notch in the margin 
where the seed coat had remained attached. In cases where such lesions 
occurred on the midrib, distortion of the cotyledon resulted. ' 
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The fact that the seed coat is so often canded up into the air by the 
cotyledons greatly increases the possibility of cotyledon contamination 
from the surface flora of the seed. The passage of the organism from the 
seed coat to the cotyledon should be readily facilitated by the continuous 
film of water which is often noted on the adhering seed coat. 

On March 9, 26 days after inoculation, some of the seeds from lots A 
and C were planted in sterile sand in glass damp chambers. Seventeen 
days later, 12 of the 115 seedlings from lot A, or about 10 percent, showed 
primary cotyledon lesions, and none of the seedlings from the disinfected 
seed of lot C showed infection. One hypocotyl lesion was noted. 

To summarize the results of these tests, it should be noted that: (i) In¬ 
oculated seeds gave rise to diseased seedlings; (2) about 10 per cent of the 
seedlings showed primary cotyledon lesions; (3) primary lesions were 
characteristic and seemed to bear a distinct relation to the seed coat; 

(4) 26 days of drying did not reduce the incidence of primar}?' infection; 

(5) surface disinfection of inoculated seed prevented seedling infection. 

RELATION OF PARASITE TO HOST TISSUE 
MODE OF ENTRY 

Field observation indicates that fruit infection occurs through an insect 
puncture. Inoculation tests prove that no infection of fruit occurs unless 
the epidermis of the fruit is mechanically punctured. With a bacterial 
disease this condition is to be expected, since there are no natural open¬ 
ings such as stomata in the epidermis of a tomato. The inoculum does 
not necessarily need to be inserted into the puncture, but when applied 
to the surface of the fruit the bacteria may enter fresh punctures pre¬ 
viously made. Sections through natural lesions sometimes reveal the 
presence of a puncture wound (PI. 27, A). A species of stink bug has 
been observed puncturing green tomato fruits in the field, and infection 
might readily occur through wounds caused by this insect. 

Eeaf infection apparently occurs through stomata. The abtuiclaiice of 
the lesions resulting from inoculation of the lower leaf surfaces as com¬ 
pared with the scarcity of lesions resulting from inoculating the upper 
surfaces has been previously noted. To illustrate this relation a further 
analysis of one of the greenhouse inoculation trials is presented in Table V. 
Fach pair of plants received similar treatment in all respects except as 
noted. Atomizer inoculation was used. To facilitate inoculation of tie 
lower epidermis of the leaves, the small potted'plants were 'suspended 
upside down in a ring stand. 
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Tabi^e Y.-—Relative susceptibility of upper a'itd lower epidermis 


Plant. 

Inooiktion. 

Total 
number 
of leaf¬ 
lets. 

Leaflets showing infection. 

Total 

num¬ 

ber. 

Per¬ 

cent¬ 

age- 

More than lo 
^ lesions. 

Num¬ 

ber. 

Per¬ 

cent¬ 

age. 

A 41 

Lower cpidennis. 

32 

18 

56 

10 

31 

A 42 

Upper epidermis. 

36 

10 

28 

I 

3 

B 44 

Lower epidermis... 

43 

30 

69 

22 

51 

B 45 

Upper epidermis. 

i 40 

23 

57 

10 

25 

C44 

Lower epidermis. 

32 

7 

22 

5 

16 

C 4 S 

Upper epidermis. 

33 

I 

3 

0 

0 

D 44 

Lower epidermis. 

39 

29 

74 

27 

69 

D 45 

Upper epidermis..■. 

40 

6 

IS 

I 

2 

E 41 

Lower epidermis. 

37 ^ 

18 

49 

14 

37 

E42 

Upper epidermis... 

27 

6 

22 

6 

22 

Aver¬ 

[Lower epidermis...... 





41 

ages. 

[Upper epidermis. 



2$ 


xo 







Thus, it is seen that the average percentage of infected leaflets on 
plants atomized from below is 54 as compared with 25 on plants atomized 
from above, and that the difference is still more striking when the per¬ 
centages of heavily infected leaves are compared, in which case the 
figures are 41 and 10, respectively. 

This decidedly higher incidence of infection through the lower epider¬ 
mis suggested some connection with the distribution of stomata. To 
throw further light on this point, portions of the epidermis from the 
upper and lower surfaces of several leaves'were removed and mounted so 
that stomatal counts could be made under the microscope. The results 
are presented in Table VL 


TabliS Y1.-^Number of stomata per square millimeter of epidermis 


Source of epidennis. 

Upper epi¬ 
dermis. 

Lower epi¬ 
dermis. 

'Vdimg plant, yotitig leaf...... 

SO 

- 

I17 

9S 

131 

246 

306 

93 

61, 

Yoimg plant, old leaf....... 

Do....... 

0 

Old plant, yoting leaf.....* 

^ ' 

Do ... 

II 

Cotylpdnr? .^... 

41 

83 

Do . ^ . ' ... ’. . . 
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Thus, it is readily seen that only on cotyledons and young leaves on 
young plants are there numerous stomata in the upper epidermis, whereas 
the stomata are abundant in the lower epidermis of leaves of all ages. 
Thus the distribution of stomata is correlated with the incidence of in¬ 
fection; and on the basis of stomatal entry, the greater abtiiidatice of 
lesions resulting from inoculation of the lower epidermis and the greater 
susceptibility of young leaves to inoculation of the upper epidermis is 
explained. The more or less equal distribution of the stomata on tiie 
cotyledons also explains the fact that cotyledon lesions occur with equal 
frequency on either surface. Petioles were found to have about 34 .sto¬ 
mata per square millimeter. 

Sections for microscopic study were cut from infected cotyledons fixed 
nine days after inoculation. These were stained in carbol fuchsin. 
Plate 28, C, is a photomicrograph showing a mass of the bacteria in a 
substomatal chamber directly under a stoma in the upper epidermis of 
the cotyledon. This affords evidence of stomatal entry. 

RELATION OF HYDROGEN-ION CONCENTRATION TO INFECTION 

An approximate determination of the hydrogen-ion concentration of 
different parts of greenhouse tomato plants was made by the colori¬ 
metric method described by Clark and Tubs (i). The plant juice was 
extracted by crushing the leaves or fruit in a mortar. This juice was 
diluted I to 5 or I to 20 with distilled water of a tested Ph value and 
titrated by the addition of the indicators brom thymol blue, brom cresol 
purple, and methyl red. 

Seedlings and leaves yielded a Ph value between 6.3 and 6.5. Green 
fruits show^ed Ph values between 5 and 5.4, and in all cases the pericarp 
was slightly less acid than the seed pulp. Ripening and mature fruits 
show^ed Ph values of about 4.6. According to Clark and Tubs (i, p. 221)^ 
Patten and Mains found the Ph value of ripe tomatoes to be 4.2, and 
other workers have given it as 4. Thus it is evident the hydrogen-ion 
concentration in fruits is higher than in the foliage and is much higher 
in ripC' fruit than in green fruit. 

There is' an interesting correlation between these Ph values, the 
hydrogen-ion tolerance of ’the bacterial 'spot organism in culture, and 
the observed susceptibility of the host parts to infection. In the colori¬ 
metric determination of the hydrogen-ion tolerance in culture, the upper 
limit of tolerance was a Ph value of 5.3 for ordinary inoculation, although 
reinoculation resulted in raising this limit to 5. The seedlings and leaves 
are, therefore, well within the hydrogen-ion tolerance of the'organism,' 
the green fruit or at least the pericarp is just within'the limit of toler¬ 
ance, while ripening' and mature fruit has a much' higher hydrogen-ion 
concentration' than ■' the' organism ■ will endure ■ in'' culture.', Seedlings, 
leaves, and green fruit are very susceptible to the disease, whereas, as' a 



Apr. 15,2S>sx 


Bacterial Spot of Tomato 


149 


rale, inoculation of ripe fruit has been unsuccessful It seems plausible 
that the increase in hydrogen-ion concentration as the fruit matures 
may increase its resistance to infection, 

PATHOnOGICAU ANAtOMY 

Leaf lesions were fixed in alcohol, embedded in paraffin, sectioned, and 
stained with Ziehls carbol fuchsin. The intercellular spaces of the pali¬ 
sade and mesophyil tissue are seen to be packed with bacteria (PI. 28, C). 
Apparently as a result of collapse of the host cells, these cavities become 
greatly enlarged and the host cells are more or less displaced by the 
masses of bacteria. The epidermis may finally become puffed outward 
as a result of the pressure produced. The subsequent sunken character 
of the lesion is attributed to the dr3dng out of this mass of bacteria and 
killed host tissue. The silvery appearance of sunken cotyledon lesions 
is attributed to the presence of air under the epidermis after the diseased 
tissue has dried and shrunken. 

Infected leaf areas were cleared in acetic acid and alcohol, or in chloral 
hydrate, and stained with carbol fuchsin. In surface \dew the lesions are 
clearly visible each as a deeply stained, lacelike pattern (PI. 28, A). This 
indicates that the bacteria are in the intercellular spaces. The margin is 
composed of irregular extensions due to advance invasion of the inter¬ 
cellular spaces. The veins offer no obstacle to the progress of the inva¬ 
sion. 

Hand sections of fruit lesions show an abundance of bacteria in the 
intercellular spaces. Pruit lesions were fixed and stained with the triple 
stain or with carbol fuchsin. Very young lesions may be distinctly 
sunken on account of the collapse of the outer mesocarp cells. Older 
lesions are seen to be distinctly elevated at the center, apparently as a 
result of hypertrophy and hyperplasia of the underlying mesocarp cells 
(PI 27, B, C). Such lesions often show a sunken peripheral zone, due to 
the collapse of the host cells, A layer of cells with suberized walls is 
formed directly underneath the necrotic tissue of the center of the lesion 
(PL 27, B). Usually the epidermis has sloughed off from this disinte¬ 
grated tissue which is composed of 'collapsed host cells and bacteria* 
Large cavities packed with bacteria are visible here and' there. In Plate 
27, A, the large cavity may represent the original wound through which 
infection occurred. 

Apparently the cork'layer is not always an effective barrier to the in¬ 
vasion, since lesions often are deep and craterlike. Tangential invasion 
of the small-celled mesocarp tissue seems to be more active than radial 
penetration of the large-celled mesocarp tissue. 
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OVBRWIiNTERING AND DISSEMINATION 

Whether or not the causal organism of bacterial spot overwinters in 
the soil has not been proved as yet. It has been found, however, that 
the organism lives over winter on tomato seed and that such seed gives 
rise to infected seedlings. 

Laboratory tests have proved that the ‘organism will endure long 
periods of desiccation upon tomato seed. In one test not yet com* 
pieted the organisms have endured over 11 months of such desiccation. 

Tomato seed immersed in a v/ater suspension of the bacteria, dried, 
and then planted in sterilized soil gave.rise to numerous infected seed¬ 
lings. The primary cotyledon lesions were very characteristic and 
fairly easily differentiated from secondary infection. 

Commercial seed was then tested in a similar manner. A number of 
lots of commercial seed from the fruit in a large field known to have been 
severely diseased with the bacterial spot were tested by planting in flats 
of sterilized soil in the greenhouse during April and May of 1920. This 
seed had been machine-cleaned from the tomato pulp in a canning fac¬ 
tory during the 1919 harvest, and in this process of seed separation and 
cleaning there was ample opportunity for contamination of the seed 
w‘ith'the bacteria from fruit lesions. The results of two: series of' such 
tests are presented in Table VIL 


Table VII.— Test of commercial seed in sterilized soil 








Number of 
plants 'ffith 



Seed lot.^ 



Number ’ 
of plants. 

infection. 






Pri- 

Seamd- 








mary. , 

ary. 





fa.. 

3<>9 

0 

0 




ib,. 

490 

4 

IS 

CS . - - 



.^ 

fa.. 
lb,. 

318 


4 




.1 

3^>4 

0 

6 

10... , 



.j 

fa.. 

271 

I 

2 




1 

ib.. 

509 

6 

4 

10. .. . 



.J 

! a, . 

33 <> 

0 

X 





lb.. 

SS 7 

2 

6 

21. .. , 



.J 

la.. 

334 

0 

0 




1 

Lb.. 

490 

10 

36 

22. . 



.. J 

fa.. 

1 324 

6 

17 





lb.. 

1 

8 

40 

23.. A 

... 


.i 

fa.. 
:b.. 

I 299 

404 

4 

4 

3 

I 

25... , 



.J 

la., 

281 

4 

I. 





[b.. 

374 

6 

0 

26. .., 



.. j 

fa.. 

330 

to 

26 





lb.. 

397 

: 5 

0 


Total....... 




6,887 j 

St 
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Thtis it is apparent that 8x out of 6,887 seeds, or about i per cent, 
gave rise to diseased seedlings. This proves that the organism occurs 
on commercial seed and lives over winter thereon and that such seed 
yields diseased seedlings. As a means of dissemination about i seed 
out of every 100 should be expected to give rise to a center of infection, 
and with such seed the disease will be carried far and wide. Field obser¬ 
vations indicate such to be the case. The disease was found in fields in 
Georgia planted with seed sent from the North. These fields were not 
in tomatoes before, and it seems quite likely that the disease vras intro¬ 
duced with the seed. Furthermore, the disease appeared in plant beds 
in clean soil in southern Indiana planted with seed obtained from a 
diseased field the previous season. This seed was hand-cleaned by 
cutting the fruits in two and rubbing the halves over a screen. This 
process undoubtedly facilitated seed contamination from fruit lesions. 
It is evident, therefore, that the disease may be transported long dis¬ 
tances and introduced into new fields and localities by contaminated 
seed. 

Judging from the outbreak of the disease among the seedlings in the 
Georgia fields and in the plant b ds at Campbellsburg, Ind., it seems 
quite likely that considerable spread of infection may occur in the plant 
beds before the plants are transplanted to the field and that the disease 
may be carried long distances and introduced into new fields with dis¬ 
eased transplants. The disease has been found epidemic early in the 
season in an Indiana field planted with Georgia plants. 

Local spread of infection has not been carefully studied. The oc¬ 
currence of secondary infection in the greenhouse flats indicates that 
infection is spread by the sprinkling process. Little or no secondary 
infection occurred on plants which were not sprinkled. In the field 
infection is undoubtedly spread by the splashing of rain, by wind-blown 
rain, and by surface drainage xvater. 

The relation of insects to fruit infection in the field still remains to be 
worked out. That fruit infection occurs through insect punctures 
seems almost unquestionable. Whether or not the insect inoculates 
the fruit at the same time the wound is' made has not been determined. 
Greenhouse tests indicate that infection may occur through fresh punc¬ 
tures already made, as well as in punctures made with an inoculated 
instrument. 

In summary it may be said that: (i) The organism lives over winter 
on the surface of the seed; (2) among seedlings grown from commercial 
seed, about i in every 100 may bear primary cotyledon lesions and serve 
as a center of infection; (3) the disease is disseminated by contaminated 
seed and by diseased transplants. 

" ' 29669^—21 - 5 ■ 
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To determine more accurately the effect of these merctiric-chlofid 
treatments upon the viability of the seed, germinatioti tests similar to 
those recorded in Table VIII were repeated, using soil flats in the green^ 
house. The results are presented in Table X. 


Tabl:S X .—Effect of mercuric chlorid upon germination 


Treatnimt. 

Number | 
of seeds. 

t Percentage of gennination 
after— 

Remarks. 

S days. 

7 days. 

13 days. 

HgCU, i: 3,000... 

ICO 

54 

87 

97 

No retardation. 

HgCU, x: 3,000. 

100 

47 

67 

93 

Bo. 

HgCU, i: 4»ooo. 

100 

12 

S8 

8 s 

Do. 

Control. 

100 


87 

93 


HgCU, X: 2,000.,... 

200 


QI. 

Do. 

Hs^CL,. i: 2.000. 

200 


06 


Do. 

j * ' jjwww... 

HsrCU. i: 4.000. 

200 


00 

. 1 

Do. 

Control... 

200 


87 










Thus, the weaker strengths of mercuric chlorid have no deleterious 
effect upon the germinability of the seed nor the vigor of the seedlings. 
Pending subsequent tests, disinfection of tomato seed in i to 3,000 mer¬ 
curic chlorid for five minutes followed by thorough rinsing in running 
water is, therefore, recommended as a control for tomato bacterial spot. 

To summarize, it may be pointed out that: (i) Seed treatment in hot 
water (55'^ C. for 10 minutes), in hot formaldehyde (2.5 per cent at 50® 
for 5 minutes), and mercuric chlorid i to 1,000 for 5 minutes was injurious 
to the seed; (2) 5 per cent and 10 per cent formaldehyde exerted no 
injurious effects but were not reliably effective; (3) mercuric chlorid i to 
2,000, I to 3,000, and I to 4,000 gave perfect sterilization and exerted 
no injurious effects. 

SUMMARY 

Bacteria! spot of tomato is a typical spot disease of the fruits, stems, 
and foliage. 

Practically all varieties of tomatoes are susceptible. Peppers and 
'potatoes are also susceptible, , 

The disease as it occurs on tomato fruit was first reported from Ten¬ 
nessee, Illinois, and Michigan. It was called canker.” It has a wide 
geographic range., 

The worst damage is due to the fruit lesions. The disease is also 
destructive among seedlings and occasionally as a foliage trouble in the 
field., 

The fruit lesions are small, black, acablike spots, usually superficial, 
sometimes xrateriform. Teaf lesions are at first translucent, later black 
and greasy with translucent margins,* and are not usually limited by the 
veins* , / ' ^ 
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The causal organism is a monoflagellate bacterium which is described 
herein as Bacterium exitiosum^ n. sp. It grows readily on a variety of 
culture media, producing yellow, translucent colonies. It produces no 
acid or gas with carbohydrates and is highly sensitive to sunlight and 
very resistant to desiccation. In culture it will not tolerate a higher 
true acidity than Ph 5. 

Foliage infection is stomatal and is readily obtained by atomizer mocu-' 
lation. Fruit infection occurs only through puncture wounds. The 
invasion is intercellular at first. Inoculation of mature fruit is usually 
unsuccessful and is attributed to the fact that the hydrogen-ion concen¬ 
tration in mature fruit (Ph 4.6 to 4) is higher than that tolerated in 
culture, tiowever, green fruit and foliage »yield Ph values within the 
range of tolerance of the organism in culture. 

The organism overwinters on the surface of tomato seed and is thus 
disseminated. Commercial seed from fields known to be diseased has 
yielded about i per cent of diseased seedlings. The disease is also dis¬ 
seminated with diseased transplants. 

As a control measure disinfection of tomato seed in mercuric chlorid 
I to 3,000 for 5 minutes, followed by thorough washing, is tentatively 
recommended as safe and effective. 
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PLATE 24 

Bacterial spot of tomato: 

A, —Fruit lesions witli scablike centers and water-soaked borders. 

B, —Very young fruit lesions in the black-scab stage. 

C, —Severe blemishing of fruit due to the coalescence of lesions. 

—^Pitlike or crateriform fruit lesions. Two of the white, circular, '^birdVeye** 
spots are also present. 

E. —Large lesions on yellow-pear tomato. 

F. —Ivesions resulting from needle-prick inoculation of fruit in greenhouse. 
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PIRATE 25 

Bacterial spot of tomato: 

A. —Eeaf lesions resulting from atomizer inoculation in greenkouse. 

B. —-Cotyledon showing primary lesions near base and secondary lesions near tip. 

C. —Cotyledon showing typical sunken primary lesions on lower surface. 

B'.—Black, linear, petiole lesions. 

lesions resulting from natural infection in the field. These iesions are 
black and greasy, with a narrow transiucent margin. 



PLATE 26 

Bacterial spot of tomato? 

A. —Bistortiiig effect of lesions upon a young leaf. 

B. -~*Pistortion of leaflet as a result of very early^ infection from atomizef Inoculation 

in greenliouse. 

C. —Old lesions resulting from atomizer inoculation of a young leaflet. 

B.—“Type of infection secured by atomizer inoculation of an old leaf. Hxick-setj 
smallj circular, sunken lesions on lower surface. 
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PLATE 37 

Bacterial spot of tomato: 

A. —Cross section of yotmg fruit lesion resulting from natural infection. What ap¬ 
pears to be a ptuicture wound is clearly visible. Pkotomicrograph., X 90. 

B. —Cross section of young fruit lesion, showing hypertrophy of underlying meso- 
carp cells and formation of a cork layer under the necrotic tissue. Photomicro¬ 
graph, X 90. 

C. —Cross section of a fruit lesion, showing hyperplasia of mesocarp cells and forma¬ 
tion of a cork layer at one side of the lesion. Photomicrograph, X 90* 



PLATE 28 

Bacterial spot of tomato: 

A. —Sttrface view of a leaf lesion stained to show distribution of bacteria. Tlie in-* 
vasion is plainly intercellular and the margin not delimited by veins. Pliotomicro- 
graph, X 66,' 

B. —Causal organism stained to show flagella. Photomicrograph, X 2,000. 

C. —Cross section of young cotyledon lesion, showing a mass of bacteria under a 
stoma and intercellular spaces packed with bacteria. Photomicrograph, X 300. 

—Poured plate culture of causal organism on potato agar* 
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CARBON TETRACHLORID FOR THE REMOVAL OF 
PARASITIC WORMS, ESPECIALLY HOOKWORMS 

By Maurice C. Hali. 

Seniar Zodogist^ Bumu of Animal Industry, United States Department of Agriculture 

Experiments carried on in the Zoological Division of the Bureau of 
Animal Industry indicate that carbon tetrachlorid (CCl^) is a very prom¬ 
ising drug for the treatment of hookworm infestation in dogs. The 
experimental results are therefore presented in this paper, primarily to 
bring the drug to the attention of veterinarians for use in cases of canine 
ancylostomiasis, and secondarily to make the results public for consid¬ 
eration in connection with ancylostomiasis in man and in domesticated 
animals other than the dog. The paper includes a consideration of the 
efficacy of the drug, a study of its effect on dogs ante mortem and post 
mortem, and a resume of some of the more readily available literature 
on carbon tetrachlorid, especially those papers dealing with the thera¬ 
peutics of this drug. 

MEDICAL LITERATURE 

The United States Dispensatory,^ nineteenth edition, issued in 1907, 
states in regard to carbon tetrachlorid that it was discovered by Regnault 
in 1839. Carbon tetrachlorid may be made from carbon bisulphid (CS^) 
or from chloroform (CHCI3) by chlorination. It is a solvent of fats, 
alkaloids, rubber, sulphur, etc., and is used as a fire extinguisher. 

Tuson { 21 ) in 1843 reported carbon tetrachlorid as of value when 
applied externally to cancers in a lotion composed of i dram of carbon 
tetrachlorid to i pint of water, and given internally in doses of i to 3 drops 
in water three times a day. The cancer ultimately sloughed away, 
leaving healthy tissue. Carbon tetrachlorid was of value in other similar 
cases and also in nervous irritability and allied conditions. 

Ure (22) in 1843, following Tuson’s directions, used carbon tetraehto- 
rid by application to a cancer of the tongue, to an erosive ulceration of 
the throat, and to a cancer of the leg without benefit in any case. 

Blanch (2) in 1843 reported that 4 drops of carbon tetrachlorid three 
times a day gave good results in gout. In a patient with severe neuralgic 
pain and with pronounced aversion to drugs, i tablespoonful of a prep¬ 
aration containing 6 ounces of' water and i dram of carbon: tetrachlorid 
gave relief following the first dose and complete relief after the third or 
fourth. , In a case of diarrhea', procidentia uteri, prolapsus ani, hysterical 
and fainting fits, and insomnia, carbon tetrachlorid by mouth relieved 
the symptoms and enabled the patient to sleep. 

^Wooi>, Geo. B., aiid.BACHa. Fratikliu. ths dispensatory of tro uotted statrs of ahemca. 
Ed. 19. Ixii, 1,947 P. Philadelphia, [1907]. 

' , VoL XXI, Ho., a; 
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Sansom (16)^ in 1865 reported the findings of himself and Harley thus: 
Carbon tetrachlorid— 

causes, first, mtisciilai" movement and excitation of circulation. Secondly, arterial 
contraction and anesthesia. Thirdly, when long continued, arrcvSt of respiration. 
Fourthly, arrest of circulation. Tendency to cause muscular rigidity. 

According to the Dispensatory, Simpson found that the vapors would 
relieve some cases of conjunctivitis, ulceration of the cornea, photophobia, 
etc., but in Simpson’s paper (jp) published in 1865 the vapors referred to 
are those of chloroform. Subcutaneous injections of 10 to 20 minims 
relieved pain in the walls of the chest and abdomen, without subsequent 
nausea. Simpson concluded that it depressed the heart much more than 
chloroform did; and, apparently as a result of this belief on the part of 
Simpson and other investigators, the drug has not come into general use 
and has been almost entirely neglected in medicine for half a century. 

An examination of Simpson’s paper discloses the following observa¬ 
tions : 

Its primary effects are very analogous to those of chloroform, but it takes a longer 
time to produce the same degree of anesthesia, and generally a longer time to recover 
from it. Some experiments with it upon mice and rabbits have shown tliis. , . . 

But the depressing influence of chlorocarbon [carbon tetrachlorid] upon the heart is 
greater than that of chloroform; and consequently I believe it to be far more dangerous 
to employ as a general anesthetic agent. In a case of midwifery in which it was ex¬ 
hibited . . . for above an hour, with the usual anesthetic effects, the pulse latterly 

became extremely feeble, and weak. In another case in which it was exhibited 

, . . her pulse continued steady and firm, although she is the subject of valvu¬ 
lar disease of the heart. The surgical operations , . . the closure of a vesico» 
vaginal fi6tuia, the division of the cervix uteri, the enlargement of the orifice of the 
vagina, and the application of potassa fusa to a large flat nsevus upon the chest of a 
young infant—^in all of these cases it answered quite well for an anesthetic. The 
child did not waken up for more than an hour and a half. ... Its pulse was rapid 
and weak during the greatest degree of anesthetic sleep. One of the mice exposed to 
its influence, and which was removed from the tumbler, where the experiment upon 
it was made, as soon as the animal fell over, breatlied imperfectly for some time after 
being laid on the hible and then died. 

Without caring to pass on the question as to whether carbon tetra¬ 
chlorid, is a more powerful heart depressant than chlorofomi, it may still 
be said that the foregoing data hardly warrant, such a conclusion. The 
exhibition of chloroform for over an hour may also cause a feeble pulse^ 
and the exhibition of the drug to a patient with valvular disease of the 
heart, with persistent, firm pulse, speaks well for the action of carbon 
tetrachlorid. The experiment with the mouse could be duplicated by 
the rapid'administration of a concentrated chloroform mixture, Natiir-' 
ally, one must proceed with caution in applying in veterinary practice a' 
drug, of which the toxic properties are not well known, and the same is 
'even more true of the administration of the drug to man. 

'-'Apparently the most■ comprehensive study'of the administration"of 
this drug' to man" is that' of Smith { 20 ) tn 1867', who'has reported the 

'is made Ijy iiimbar'(italic) to nitcratwe cited/''p. x74“*7S» ‘ 
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admimstration of the drug oix 52 occasions, almost always' with satisfac¬ 
tory results. He concludes: 

TJie observations thus briefly reported may offer sufficient ground to justify the' be¬ 
lief that the tetrachlorid of carbon, carefully administered, will be found useful in 
removing pain, especially headache, dysmenorrhea! distress, tic douloureux, toothache jr 
etc.; that it will be a valuable and safe means of mitigating the sufferings ol labor 
without, apparently, hindering the natural efforts; in some cases, of inducing quiet 
sleep, and of removing for a time the effects of exhaustion of the nervous system. Its 
vapor, acting locally, seems to have been beneficial in alleviating the distressing irri¬ 
tation of “hay fever’ ’ in the few cases in which it has been tried; and when used per 
vaginum, in exerting a soothing influence and relieving pain, hike all anestlietics, 
if recklessly used it might destroy life; yet, carefully managed, it may with impunity 
be employed to induce complete anesthesia. In the majority of cases there has been 
no nausea nor sickness following its use . . . whilst it has been often observed 
that the relief from pain obtained by it continued after its immediate anesthetic 
effects have disappeared. . . . 

Sansom (17, iS) reported in 1867 on the conditions in which the drag 
has been found beneficial, and reaches the following conclusions: 

In cases of natural labor, the tetrachloride has been employed . . . and in 
none of these cases . . . has it manifested any unfavorable effect; and it has 
greatly relieved, if it has not altogether abolished the suffering ... It increased 
muscular power, and certainly in no case did it suspend the efforts of labor. In the 
performance of surgical operations a state of narcotism is necessary; and it would 
appear that the prolonged employment of the tetrachloride in such cases is undesirable 
and likely to be injurious. So far as the earlier stages are concerned, the action of the 
tetrachloride is beneficial, as it is stimulant, anodyne and hypnotic, and produces no 
unpleasant effect; but its ponderous vapor, its insufficient volatility, and the conse¬ 
quent difficulty of its elimination from the system, are sufficient reason against its 
employment in anything like large doses. 

A consideration of the reports of Simpson, Smith, and Sansom shows 
the most favorable results, except as regards the idea that carbon tetra¬ 
chlorid is more depressant to the heart than chloroform and that its 
lesser volatility and supposed difficulty of elimination are objections to 
its use in large doses. 

Andrews (i) in 1867 reported one test of it as an anesthetic in resection 
of the hip joint in a patient who was very weak and anemic. . Before 
anesthesia was complete there was a sudden increase in pulse rate and 
pain in the vicinity of the' heart, followed by cessation of heart beat and 
respiration. The, patient was^ revived' by artificial respiration, and the 
operation was completed under ether. Subsequently the-patient died 

of exhaustion. ' ‘ ' 

Nunneley (15) in 1867 tested carbon tetrachlorid on cats and rabbits 
and on himself. He concluded that' it. was not a satisfactory and safe 
anesthetic'but found it of'Value in his own case in bronchial''catarrhs 
condition clearing up .after one inhalation. 

Morel (14) in 1877, on tests of carbon tetrachlorid, concluded 
was superior to chloroform, though not 'entirely controllable. , It S^ves 
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rise to tliree phases in its effects when inhaled: First, excitation; second, 
insensibility; third, collapse. The first phase resembles that of ether. 

Laffont (12) in 1877 notes MoreFs results, but after testing the drug on 
dogs, cats, and frogs is unable to concur in MoreFs conclusions. He finds 
that it acts first on the brain and then on the spinal cord, producing re¬ 
flexes indicated by active movements. The action of the heart and lungs 
ceases when the medulla oblongata is affected. In the first phase, that of 
excitation, there are tonic and clonic movements of a constant character, 
the heart beat is disordered and augmented, and the arterial pressure 
rises and then falls, the pupil of the eye being constantly dilated. In the 
second phase, that of insensibility, the heart beat is very fast, the pulse 
feeble and the arterial pressure low, the pupil reaching’its maximum 
dilation. In the third phase, that of collapse, the pulse is very feeble, 
the heart beat slows, and finally respiration and heart beat cease; ani¬ 
mals are rapidly revived by artificial respiration. The pupil may contract 
in the third phase. Carbon tetrachlorid does not affect the oxygen 
content of the blood. The safety factor in the administration of 
carbon tetrachlorid may be increased by the preliminary adminis¬ 
tration of morphine; this eliminates the spasmodic movements. The 
initial contracted pupil due to morphine gives place to a dilated 
pupil following the administration of the carbon tetrachlorid. Taffont 
notes that it requires 12 to 15 gm. to anesthetize dogs weighing 15 to 
35 kgm. He does not regard this drug as superior to chloroform. 

In the “London Letter'' in the Journal of the American Medical Asso¬ 
ciation (5) for July 31, 1909, a case is reported where a woman 29 years 
old, a subject of status lymphaticus, collapsed while being shampooed 
with carbon tetrachlorid and never recovered. In 30,000 cases where this 
form of shampoo had been used this was the first fatality, and there had 
previously been no untoward results other than one or two cases of 
fainting, 

Mac-Auliffe (13) in 1916 reported carbon tetrachlorid as a safe and 
effective substance for use in war in cleansing the margins of wounds. 

The British Medical Journal (4) for September 25, 1920, has a report of 
carbon-tetrachlorid poisoning in a girl employed in painting golf-ball 
molds with a paint containing this substance. The symptoms were 
vomiting after every meal, headache, and anemia. It is noted by the 
editor that frequent, inhalations of carbon tetrachlorid cause dyspepsia 
of a toxic type, anemia, and ultimately a toxic jaundice. The occurrence 
of jaundice ,is of interest as indicating that carbon tetrachlorid, like 
chloroform, may have injurious effects on the liver. 

^ Mr. F. C. Bishopp, of the Bureau of Entomology, United States 
Department of Agriculture, writes under date,of December 27^ 1920, 
that carbon tetrachlorid irritates, wounds and retards healing and that 
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two stockmen think that they killed two calves and one steer by its use 
in cases of screw-worm infestation. 

The findings of the various writers cited above are conflicting. Tuson, 
Blanch, Smith, and Morel report good results; Ure, Andrews,'and I/affont 
report unsatisfactory results; Simpson, Sansom, and Nunneley report 
good results with distinct reservations as to the danger present in the 
use of this drug. The last attitude is perhaps the best, as well as the 
most conservative. The evidence indicates that when inhaled the drug 
gives rise to an initial excitation comparable to that produced by ether, 
and that subsequently it acts as a heart depressant comparable to 
chloroform. Knowing as we do that adequate amounts of chloroform 
by inhalation or by mouth may give rise to acute yellow necrosis of the 
liver, it would be expected that carbon tetrachlorid, with a formula 
very similar to chloroform, would produce somewhat similar effects* 
Owing to the small amount of work on this drug, the evidence on this 
point is somewhat meager, but apparently carbon tetrachlorid does 
cause some injury to the liver. The statement in the British Medical 
Journal of September 25, 1920, already noted, that frequent inhalations 
may ultimately give rise to toxic jaundice is such evidence. Additional 
evidence is furnished me by Dr. Ch. Wardell Stiles, to whose attention 
these anthelmintic findings have been brought. He states that experi¬ 
ments at the Hygienic Laboratory show that carbon tetrachlorid does cause 
some injury to the liver. In this connection more study is evidently 
necessary. The acute yellow necrosis due to chloroform poisoning is 
sometimes fatal, but when this is not the case there is a complete repair 
and recovery in the course of two weeks. Apparently the administra¬ 
tion of sodium bicarbonate is of value in combating the acidosis present 
in such cases. The capacity of the liver for disposing of poisons and for 
regeneration makes it the organ of choice for anthelmintic insult. 

On the available evidence carbon tetrachlorid deserves further study 
in connection with its administration in labor. That it relieves pain 
without diminishing the uterine contractions would indicate that it is 
superior to chloroform and should be restudied in connection with 
present-day interest in the production of the so-called “twilight sleep.” 
It seems to warrant further study in connection with its'employment 
in hay fever, hysterical headache, and the' other conditions in which it 
gave such good results. 

The foregoing facts are given in some detail for the reason that they 
cover fairly well what is known about this drug, so far as literature may 
be readily traced, and because, in suggesting the employment in a new 
r 61 e of a substance which is not well known, it seems advisable to state 
what is known about its physiological action in connection with the first 
report of its anthelmintic action. 

, ' 29669 ^— 21—6 / 



Journal of Agricultural Research 


Vol. XXI, No. a 


162 


ENTOMOLOGICAL LITERATURE 

Another body of literature on carbon tetracMorid which may be only 
briefly mentioned here is that covering its use as an insecticide. Smith 
(20), in 1867, noted that chloroform dropped on the head of test insects 
killed them, whereas carbon tetrachlorid had only a transient, bad effect 
on them, the insects recovering. Britton in 1908 used it for scale insects 
on nursery trees. Morse in 1910 used it against insects in grain and in 
natural-history specimens and concluded that it required twice as much 
of it as of carbon bisulphid. Pettit, Yothers, and Shafer tested it in 
1910, and the report was published by Shafer in 1915. They found that 
it required six times as much carbon tetrachlorid as it did of carbon 
bisulphid to kill the test insects. It was also reported on by Chittenden 
and Popenoe in 1911 and bv Garman in 1913. McClintock, Hamilton, 
and Lowe reported in 1911 that it was one-fifth as insecticidal as sulphur 
dioxid, chloroform being somewhat more effective than carbon tetra¬ 
chlorid and carbon bisulphid comparing more favorably with sulphur 
dioxid in insecticidal efficacy. Moore in 1917 published a study of vola¬ 
tility and toxicity in which he finds the volatility of carbon bisulphid, 
chloroform, and carbon tetrachlorid, in terms of gram molecules evapo¬ 
rating in 400 minutes, to be, respectively, 1.3616, 1.2870, and 0.7067, 
the carbon tetrachlorid being distinctly the least volatile; the respective 
toxicities, in terms of millionths of a gram molecule killing in 400 
minutes, were 286.3, s-nd 161.9, carbon tetrachlorid being dis¬ 

tinctly the least toxic. The test animal was the house fly. Very 
similar results in regard to the relative toxicity of these three compounds 
were published by Moore and Graham in 1918. During the war carbon 
tetrachlorid was noted as an effective insecticide for lice by Foster, 
Zucker, Galewsky, Alessandrini, ■ and Hase. Dunn prefers it to chloro¬ 
form for application to wounds, etc., infested with screw w^orm, but 
Bishopp finds it less satisfactory than chloroform. 

PROPERTIES OF CARBON TETRACHLORID 

In connection with its use as an anthelmintic, the points of interest 
covered in the literature noted are as follows: Carbon tetrachlorid is less 
volatile than chloroform or carbon bisulphid and is less toxic to insects 
than either; it does not seem to diminish the tone or contractility of 
unstriated musculature. Additional points in regard to this drug, in 
comparison with chloroform and carbon bisulphid, which have direct 
bearing on its anthelmintic action are as follows: Chloroform is soluble 
in 161 parts of water at 22° C., carbon bisulphid in 526,parts at 25^^, and 
'■carbon tetrachlorid in 1,250 parts at 25°, carbon tetrachlorid being dis¬ 
tinctly less soluble in water than either of the other substances. Carbon 
bisulphid boils at 46.25°, chloroform at 61.2°,, and carbon tetra¬ 
chlorid at 76.74°; carbon tetrachlorid boiling at a temperature 15° to 30° 
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higher than the other two substances. The relation of these facts to the 
use of carbon tetrachlorid as an anthelmintic are pointed out in a consid¬ 
eration of the anthelmintic studies in this paper. A final point to be noted 
is that pure carbon tetrachlorid must be used in testing. The drug may 
carry carbon bisulphid as an impurity, and Dr. Couch, of the Pathological 
Division of this bureau, tells me that phosgene, carbonyl chlorid, may be 
present under certain circumstances. This latter substance was used as 
one of the poison gases during the late war and has a marked depressant 
action on the heart. 

ANTHELMINTIC EXPERIMENTS 

In the experiments on dogs reported in this paper, the technic is the 
same as that given in previous papers by the writer alone or in collabora¬ 
tion wdth other investigators (y-ii). The animals were given anthel¬ 
mintic treatment, and all feces passed were collected once a day for 3 to 
6 days, screened, and the worms passed were identified and counted up 
to the time of death. The animals were killed by illuminating gas, 
chloroform, or shooting through the head; and the worms present post 
mortem were identified and counted, the gross pathological conditions 
present post mortem being noted with especial reference to conditions due 
to the drug administered, allowance being made for the lesions due to the 
agent used in killing the animal. The protocols are abbreviated to the 
following form: Dog’s number; dose in terms of mils (cubic centimeters) 
per kilogram, abbreviated to m. p. k.; worms passed daily, first day being 
the first day after treatment, that is, for the first 24 hours following treat¬ 
ment; post mortem, abbreviated to p. m. and showing the worms 
present; percentage of efficacy against kinds of worms present. 

CARBON TETRACHLORID ALONE 

In the following experiment carbon tetrachlorid w^as administered in 
capsules, followed immediately wdth 30 mils of castor oil, after the 
animal had fasted 18 hours. 

Dog 367; 0.3 m, p. k.; no worms in 6 days; p. m., 7 whipworms; o 
per cent vs. whipworms. 

In the following experiments carbon tetrachlorid was administered in 
capsules after the animal had fasted 18 to 24 hours, but without purga¬ 
tion. 

Dog 381; 0.3 m. p. k.; 16 whipworms second day, i whipworm fourth 
day; p. m., 116 whipworms; 13 per cent vs. whipworms. 

^Dog 386; 0.3 m.'p. k.; 6 ascarids first day; p. m., i whipworm, 15 
Dipylidium sp.; 100 per cent vs. ascarids, o per cent vs. whipworm and 
Dipylidium sp. 

Dog 387;'0.3 m. p. k.; 4 hookworms first day, i whipworm second 
day; p. m., 5'whipworms; 100 per cent vs. hookworms, 17 per cent vs. 
whipworms. 
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Dog 389; 0.3 m. p. k.; 25 hookworms first day; p. 8 whipworms; 
100 per cent vs. hookworms, o per cent vs. whipworms. 

Dog 390; 0.3 m. p, k.; no worms in 6 days; p. m., 50 whipworms, 10 
Dipylidium sp.; o per cent vs. whipworms and Dipylidium sp. 

Dog 392; 0.3 m. p. k.; 4 hookworms first day; p. m., i wliipworm, 

1 Dipylidium sp.; 100 per cent vs. hookworms, o per cent vs. whipworms 
and Dipylidium sp. 

Dog 393; 0.3 m. p. k.; no worms in 4 days; p. m., scores of whip¬ 
worms ill cecum and upper colon, 45 Diplyidmm sp.; o per cent vs. 
whipworms and Dipylidium sp. 

Dog 394; 0.3 m. p. k.; i hookworm and i whipworm first day; p. m., 
22 whipworms; 100 per cent vs. hookworms, 4 per cent vs, whipworms. 

Dog 395; I m. p. k.; 16 whipworms first day; p. m., i whipworm; 94 
per cent vs. whipworms. 

Dog 396; 0,2 m. p. k.; no worms in 4 days; p. m., no worms; no 
conclusions. 

Dog 397; 0.2 m. p. k.; i ascarid first day; p. m., 90 Dipylidium sp.; 
100' per cent vs. ascarids, o per cent vs. Dipylidium sp. 

Dog 398; o.i m. p. k.; no worms in 4 days; p. m., no worms; no 
conclusions. 

Dog 399; 0.1 m. p. k.; 8 hookworms and 3 ascarids first day; p. m., 

2 whipworms; 100 per cent vs. hookworms and ascarids, o per cent vs. 
whipworms. 

Dog 401; 1.5 m. p. k.; no worms in 3 days; p. m., no worms; no con¬ 
clusions. 

Dog 402; 0.2 m. p. k.; no worms in 3 days; p. m., 3 hookworms, 
2 ascarids, i whipworm; o per cent vs. hookworms, ascarids, and whip¬ 
worms. 

Dog 403; 0.2 m. p. ic.; i hookworm first day; p. m., 9 whipwomis, 
I Dipylidium sp.; 100 per cent vs. hookworms, o per cent vs. whipworms 
and Dipylidium sp. ‘ 

Dog 404; 0.1 m. p. k.; 8 hookworms and 3 ascarids first day, 2 hook¬ 
worms second day; p. m., 27 hookworms, 20 ascarids; 27 per cent 'vs. 
hookworms, 13 per cent vs. ascarids. (This dog also received 22 gr. of 
freshly ground moldy areca nut; it is a question whether this affected 
the result.) 

Dog 406; i m. p. k.; 2 ascarids first day; p. m., 12 Dipylidium sp.; 
too per cent vs, ascarids, o per cent vs. Dipylidium sp. 

Dog 407; 0.1 m. p. k.; 5 hookworms, 26 ascarids first day, 2 ascarids 
second day; p. m., 3'hookworms; 62.5 per cent vs. hookworms, 'xfe 
per cent vs. ascarids. 

An examination of the findings for the 20 dogs listed above shows that 
' in the 7 cases where dogs had Dipylidium 'the treatment with carbon 
tetrachlorid in doses from 0.2 to i m. p. k, was entirely ineffective,against 
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this tapeworm, so the drug must be regarded as of no value against 
Bipyliditim, and this will probably be true of tapeworms of other genera. 

As regards the findings in the case of nematodes, they may be stnnma- 
rized as follows: 

Carbon tetrachlorid, administered in capsules in dose rate of 0.1 m. 
p. k. to 4 dogs, removed 23 hookworms and left 30, an efficacy of 43 per 
cent; it removed 34 ascarids and left 9, an efficacy of 79 per cent; it 
removed no whipworms and left 2, an efficacy of o per cent. 

Carbon tetrachlorid, administered in capsules in dose rate of 0.2 m. p. 
k. to 4 dogs, removed i hookworm and left 3, an efficacy of 25 per cent; 
it removed i ascarid and left i, an efficacy of 50 per cent; it removed no 
whipworms and left ii, an efficacy of o per cent. 

Carbon tetrachlorid, administered in capsules in dose rate of 0.3 m. p. k. 
to 9 dogs, removed 34 hookworms and left none, an efficacy of 100 per 
cent; it removed 6 ascarids and left none, an efficacy of 100 per cent; it 
removed 19 whipworms and left 210 plus scores uncounted in one animal, 
an efficacy of less than 10 per cent. 

Carbon tetrachlorid, administered in capsules in dose rate of i m. p. k. 
to I dog, removed 2 ascarids and left i, an efficacy of 67 per cent; it re¬ 
moved 16 whipworms and left none, an efficacy of 100 per cent; no 
hookwoims were present in this dog. 

Carbon tetrachlorid, administered in capsules in dose rate of 1.5 m. 
p. k. to I dog, removed no worms and none were found post mortem; no 
conclusions as to efficacy. The intent in this experiment was to ascer¬ 
tain whether any bad results would follow the administration of such a 
large dose. No bad effects of the treatment were observed ante mortem 
or post mortem. 

It appears from the foregoing experiments that a dose rate of 0.3 
m. p* k. is necessary to secure a dependable efficacy of carbon tetra¬ 
chlorid against hookworms and ascarids. Whipworms, as the writer has 
pointed out in a number of papers, can not be removed with any cer¬ 
tainty by single-dose treatment with any anthelmintic of which he is 
aware. ' 

In the following experiments carbon tetrachlorid was administered by 
drench instead of in capsules to fasting dogs, without purgation. 

Dog 409; 0.3 m. p. k.; i hookworm first day; p. m., i hookworm, 25 
whipworms; 50 per cent vs. hookworms, o per cent vs. whipworms. 

Dog 411; 0.3 m. p. k.; 8 hookworms and.25' ascarids first' day, 2 asca¬ 
rids third day; p. m., 16 whipworms; 100 per cent vs. hookworms and 
ascarids, o per cent vs. whipworms. 

Dog 412; 0.3 m. p. k.; 7 hookworms and 16 ascarids first day; p. m., 
21 hookwomis, 22 ascarids, 54 whipworms; 25 per cent vs. hookworms^ 
40 per cent vs. ascarids, o per cent vs whipworms. 

In the experiment described, above carbon tetrachlorid, administered 
without capsules at a dose rate of 0.3 m. p* k. to'3 dogs, removed ,16, 
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hookworms and left 22, an efficacy of 42 per cent; it removed 43 asca* 
rids and left 22, an efficacy of 66 per cent; it removed no whipworms and 
left 95, an efficacy of o per cent. By comparing these results with the 
results attained in administering carbon tetrachlorid at the same rate in 
capsules, it is evident that the change in mode of administration has been 
followed by a sharp decrease in efficacy from 100 per cent against hook™ 
womis and ascarids to 42 per cent against hookworms and 66 per cent 
against ascarids. We may conclude from this that the drug should be 
administered in capsules in order to develop its maximum effect. 

In the following experiment the dog was given a large dose of carbon 
tetrachlorid and not killed, in order to ascertain whether there were any 
symptoms of delayed poisoning. 

Dog 414; I m. p. k.; i hookworm first day; no post mortem and no 
conclusions as to efficacy. This dog was given 15 mils of castor oil and 
then 4 mils of carbon tetrachlorid, half of the entire dose of carbon tet¬ 
rachlorid (weight of dog, 8 kgm,), without capsules. The dog staggered 
and appeared to be in a spasm. Another 15-mil dose of castor oil was 
then given, and another 4-mil dose of carbon tetrachlorid was given in 
capsules. The dog went down and stiffened out for a short time, then 
arose and staggered about as if intoxicated for a few minutes. The 
animal soon became normal in behavior and appearance and at the end 
of over four months has shown no evidence of bad effects. The transient 
toxic effects are to be attributed to the inhalation of the drug wlim 
given in large amount without capsules, 

CARBON TETRACHUORID PLUS THYMOL 

In order to ascertain whether thymol, which is readily soluble in carbon 
tetrachlorid, could be added to carbon tetrachlorid with any increase in 
anthelmintic efficacy, a solution was made up at the rate of i mil of car¬ 
bon tetrachlorid to 10 gr. of thymol. This solution was administered in 
capsules in dose rate of 0,3 in. p. k. after fasting and without purgation 
as follows: 

Dog 416; 5 hookworms and some Dipylidmm sp. chains first day, 
some Dipylidium sp. chains sixth day; p. m., no worms; 100 per cent vs, 
hookworms and Dipylidmm sp. 

Dog 417; no worms in 4 days; p. m., 175 Dipylidium sp.; o per cent 
effective vs. Dipylidmm sp.^ 

Dog 418; 55 hookworms first day, 6 hookworms second day; p. m.,'22 
whipworms, 34 Dipylidium sp.; 100 per cent vs. hookworms, o per cent 
vs. whipworms and Dipylidium sp. 

In the foregoing experiments this mixture, in the proportion of i mil' 
of carbon tetrachlorid to 10 gr. of thymol, given in capsules at the rate' of 
0.3 m. p. k. to 3 dogs, removed 66 hookworms and left none, an efficacy 
of 100 per cent,7it removed, no whipworms ■ and left, 22, an efficacy of'O 
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per cent; no ascarids were present. The mixture appears to be as effective 
as carbon tetrachlorid alone in the same dose; a larger series of experi** 
ments might show that it was more effective. ^ 

CARBON THTRACHIvORID PLUS CHE:NOPODI0M 

In order to ascertain whether oil of chenopodium could be added to 
carbon tetrachlorid with any increase in anthelmintic efficacy, a solution 
w^'as made up at the rate of 3 mils of carbon tetrachlorid to i mil of cheno¬ 
podium. This solution was administered in capsules in dose rate of 0.3 
m. p. k. after fasting and without purgation, as follows: 

Dog 419; I hookworm and 2 whipworms first day, 109 hookworms, 
8 ascarids, and 61 whipworms second day, i whipworm third day, 1 
whipworm fourth day; p. m., 12 whipworms, i Dipyliditim sp.; 100 per 
cent vs. hookworms and ascarids, 84.5 per cent vs. whipworms,' o per 
cent vs. Dipylidium sp. 

Dog 421; no worms in 8 days; p. m., 92 Dipylidium sp,; o per cent vs. 
Dipylidium sp. 

It appears from the foregoing that a mixture of carbon tetrachlorid, 
3 parts, and chenopodium, i part, given in capsules at the rate of 0.3 
m. p. k. to 2 dogs, removed no hookworms and left none, an efficacy of 
100 per cent; removed 8 ascarids and left none, an efficacy of 100 pet 
cent; removed 65 whipworms and left 12, an efficacy of 84.5 per cent; 
removed no Dipylidium sp. and left i, an efficacy of o per cent. The 
mixture is, therefore, as effective as carbon tetrachlorid alone in the 
same dose; a larger series of experiments might show that it was more 
effective. 

In the following experiment, the above-mentioned mixture of carbon 
tetrachlorid and chenopodium was given at the same rate, 0.3 m. p. k., by 
means of a dose syringe to a dog that was too savage to dose successfully 
by means of capsules: 

Dog 423; no worms in 8 days; p. m,, 7 hookworms, i whipworm, 40 
Dipylidium sp.; o per cent effective vs. hookworms, whipworms, and 
Dipylidium sp. ' 

The complete failure of the treatment in this case, in contrast with the 
excellent results obtained in the case of dog 419, where the dose ivas given 
in capsukvS, must be attributed to the difference in the mode of admin¬ 
istration. By the use of the dose syringe, part of the dose is lost in the 
syringe, part by evaporation from the mouth and by slobbering, and there 
may be other factors present that modify the result. 

SUMMARY 

An' inspection of the results obtained in the foregoing experiments 
with carbon tetrachlorid shows that when given in capsules at a rate of 
0.3 m,''p. k.' it constitutes a very'effective treatment for hookwnrms in 
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dogs. It also shows a very high efficacy against ascarids. It removes 
whipworms when it enters the cecnm, just as other anthelmintics doj 
but is substantially as uncertain in its action in single dose against this 
worm as are a niirnber of other drugs. It is not of value in removing 
tapeworms of the genus Bipylidium and would probably be equally 
valueless against other tapeworms. It maintains its high efficacy 
against hookworms and ascarids when mixed with thymol at the rate 
of I mil of'carbon tetrachlorid and lo gr. of thymol, or.when mixed with 
chenopodium in the proportion of carbon tetrachlorid, 3 parts, and 
clienopodium, i part, when given in capsules at a dose‘rate of 0.3 m* p. k. 
of these mixtures. The administration of the drugs in dosage less 
than 0.3 m. p. k. or without capsules is unsatisfactory. It should 
be noted in passing that in five of the cases noted where dogs were 
given from o.i to 0.3 m. p. k. of carbon tetrachlorid alone in cap¬ 
sules and no hookw'orms were found in the feces or post mortem, 
microscopic examination of the feces before treatment, by the writer 
or by Messrs. Wigdor and Chapin of this laboratory had shown 
the presence of hookworm eggs. It is probable that in these cases the 
hookworms were removed by the drug but had.not been found in the 
feces for one of two reasons. In the first place, in collecting feces from 
a cement floor 15 feet square, hookworms may be missed under certain 
conditions. In the second place, carbon tetrachlorid is one of the 
anthelmintics which frequently exert a destructive effect on the hook¬ 
worm, half of the worm, usually the anterior half, being distorted or 
missing in worms collected from the feces. Caius and Mhaskar (j) note 
that some anthelmintics (as thymol) have this effect and others (as 
chenopodium) do not. Carbon tetrachlorid is more destructive to dog 
hookworms than any drug the writer has used on them. 

RESUI.TS WITH OTHER ANTHELMINTICS 

To ascertain just how effective carbon tetrachlorid is. against hook¬ 
worms in comparison %vith other drugs, the writer has summarized be¬ 
low the results published by him, alone or in collaboration with other 
workers, with other drugs against hookworms, noting other work of the 
same sort. 

CHLOROFORM 

Hall and Foster (p) found that chloroform in ckstor oil in dosage of 
0.2 in. p. k. administered to 5 dogs removed 474 hookw’^orms and left 
356, an efficacy of 56 per cent. 

Hall (<?, pt III) found that chloroform in dosage of o.i m. p. k. re¬ 
moved o hookworms from i dog andleft 3, an efficacy of o' per cent; in 
0.2 m.'p. k. to 2 dogs it removed 13 hookworms and left 76, an efficacy of 
15 per cent; in 0.3, m. ,p,. k. to 2 dogs'it removed 3 hookworms and, left'4, 
an efficacy of 43 per cent; in '2;m. p. k.it removed x hookworm mid left o, 
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an efficacy of 100 per cent; the total for the series of 6 infested dogs was 
17 hookworms passed and 83 left, or 17 per cent for chloroform in dosage 
of 0,1 to 2 m. p. k. administered in castor oil. Chloroform administered 
ill soft capsules in is-minim doses on the first, fourth, sixth, and eighth 
days of an experiment removed no hookworms and left 6, an efficacy of 
o per cent; administered in soft capsules at the rate of 0.3 m. p. k. it 
removed no hookworms and left 4, an efficacy of o per cent. 

The totals for all the foregoing tests with chloroform show that it 
removed 491 hookwmrms and left 445, an eflficacy of 52 per cent. 

CHENOPODIUM 

Hall and Foster (9) found that chenopodium in doses of 0.3 m. p, k. in 
castor oil administered to 8 dogs removed about 25 per cent of their 
hookworms; in doses of 0.2 m. p. k. in capsules administered to 8 dogs 
daily for 3 successive days it was ineffective against hookworms. 

Hall and Hamilton (10) found that the heavy fractions of oil of cheno- 
podiiim, those distilling over at the higher range of temperature, 
administered in doses of o.i m. p. k. to 5 infested dogs removed no hook¬ 
worms and left 68, an efficacy of o per cent; the light fractions adminis¬ 
tered in doses of o. i m. p. k. to 2 infested dogs removed i hookworm 
and left 76, an efficacy of little over i per cent. 

Hall (Sf pi. J), using chenopodium in repeated doses, found that in 
2-mimm doses daily for 18 days given to 3 infested dogs it removed 12 
hookworms and left 9, an efficacy of 57 per cent; in 5-minim doses daily 
for 12 days given to 2 dogs it removed i hookworm and left none, an 
efficacy of 100 per cent; in 5-minim doses given 4 times in i week to i 
dog it removed 3 hookworms and left ii, an efficacy of 21 per cent; in 
doses of 0.5 m. p. k. daily on 2 successive days to i dog it removed 5 
hookworms and left 16, an efficacy of 24 per cent; in lo-minim doses 
at I-hour or X~hour intervals for a total of 3 doses to 4 dogs it removed 
10 hookworms and left 24, an efficacy of 30 per cent; in 5-mimni doses 
at I-hour intervals for a total of 3 doses it removed i hookworm and 
left none, an efficacy of 100 per cent. ■ The totals show that, in repeated 
doses as given, chenopodium removed 32 hookw^omis and left 60, an 
efficacy of 35 per cent. 

Hair and Wigdor (ii), using the soft, or soluble elastic, capsules, 
found that chenopodium at the rate of o.i m.p. k, given to 7 infested 
dogs removed 23 hookworms and left 8, an efficacy of 74 per cent; using 
hard capsules instead of soft, chenopodium at the rate of 0.1 m. p. k. 
given to 2 infested dogs removed no hookworms and left 16, an efficacy 
of o per cent. 

Hall {8, pi F/), using enteric-coated capsules of chenopodium in 
single doses of 10 to 20 minims, found that it remoyed 4 hookworms and 
left' 6^ an efficacy of 40 per cent ' ' ■ ■ 
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The totals for the foregoing tests with chenopodiitm or its constituents, 
so far as totals may be compiled, show that it removed 6o liookwomis 
and left 234, an efficacy of 20 per cent. 

CHLOROFORM AND CHENOPODI0M 

Hall and Foster (9) found that chenopodiutn in doses of o.i m. p. k, 
and chloroform in doses of i minim per kilogram, given to 6 dogs 
daily for 6 successive days, removed 94 hookworms and left 39, an 
cacy of 71 per cent; chenopodiiim and chloroform, at the rate of o.i 
m. p. k. each, given to 4 dogs in i dose removed 7 hookworms and left 
54, an efficacy of ii per cent; chenopodium and chloroform, at the rate 
of 0.2 m. p. k. each, was over 50 per cent effective against hookwoms. 

Hall {8, pt IV) found that chenopodium at the rate of o.i m. p. k. and 
chloroform at the rate of 0.2 m. p. k., given to 15 dogs, removed 35 hook- 
woitns and left 4, an efficacy of 87,5 per cent; chenopodium at the rate 
of 0.05 m. p. k. and chloroform at the rate of 0.2 m. p. k., given to 3 dogs, 
removed .8 hookworms and left 2, an efficacy of 80 per cent; chenopodium 
and chloroform at the rate of 0.2 m. p. k. each, given to 4 dogs, removed 
no hookwonns and left i, an efficacy of o per cent; the totals for the 
cases in this paper in which single doses were used being 43 hookworms 
removed and 8 left, an efficacy of 84 per cent. In repeated doses, 
chenopodium in soft capsules, in 5- to lo-minim doses (at i-hour inter¬ 
vals; not stated in paper) for 3 doses, each dose accompanied by ounce 
of castor oil, followed by 4 mils of chloroform in }4 ounce of castor oil, 
given to 4 dogs, removed 127 hookworms and left 15, an efficacy of 89 
per cent; chenopodium and chloroform in soft capsules, each containing 
5 minims of chenopodium and 10 minims of chloroform, were given to 
4 dogs in amounts of i, 2, or 4 capsules and removed 8 hookworms and 
left II, an efficacy of 42 per cent; these, same capsules were given at the 
rate of i daily to ii dogs, for 2, 3, 5, 6,'and 7 days, and removed 45 
hookworms and left 19, an efficacy of 70 per cent; the totals for the cases 
in this paper in which repeated doses were used W'ere 180 hookworms 
removed and 45 left, an efficacy of 80 per cent. 

Hall {8, pL F/) found that enteric-coated capsules containing 5 
minims of chenopodium and 10 minims of chlorofomi, given in a dose of 
2 to 3 capsules, removed no hookworms and left 2, an efficacy of o 
per cent. 

The totals for the foregoing tests of chenopodium plus chloroform, so 
far as,totals may be compiled, show that it removed 324 hookworms 
and left 147, an efficacy of 69 per cent, ■ 

THYMOL 

Hall and Foster (9) found that thymol in/doses of; 298 to 1,752 mgm,, 
given to 9 dogs, removed 23,hookworms,,,andTeft 128, an efficacy of',15 
per cent, ' ' ; ' ^ ' 
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Gaiger (6) gave thymol to 5 dogs in doses of 30 gr., repeated at i-hour 
intervals for a total of 3 doses; the feces were not examined for worms 
passed, but the dogs were examined post mortem several days later and 
hookworms were found in 3 dogs. He then increased the dose to 40 gr. 
and gave this to 4 dogs, all of which had hookworms present post mortem. 

SUMMARY 

From the foregoing, the relative efficacy of carbon tetrachlorid and 
the other drugs commonly used to remove hookworms (chloroform, 
chenopodium, chloroform and chenopodium, and thymol) appear to be 
about as follow^s: 

Carbon tetrachlorid in less than the ascertained effective dosage (0.3 
m, p, k.) or improperly administered (without capsules) removed 40 
hookworms and left 55, an efficacy of only 42 per cent; but in the effective 
dosage of 0.3 m. p. k. in capsules it removed all the hookworms from 9 
dogs and, judging from the fecal examinations, apparently removed all 
the hookworms from 5 other dogs, an efficacy of 100 per cent. A solution 
of thymol in carbon tetrachlorid in capsules was likewise 100 per cent 
effective against hookworms in the 2 infested dogs to which it was given. 
A solution of chenopodium in carbon tetrachlorid in capsules was like¬ 
wise 100 per cent effective against hookworms in the one infested dog to 
which it was given. 

On the other hand, chloroform in doses of o.i to 2 m. p. k. in castor oil 
was only 54 per cent effective against hookworms; in single or repeated 
doses in soft capsules it was entirely ineffective. 

Chenopodium and its constituents in single or repeated doses have an 
average efficacy of 20 per cent against hookworms; in the dose com¬ 
monly employed for removing hookworms from man, three lo-minim 
doses at i -hour intervals, it is only 30 per cent effective, and its maximum 
efficacy in any series of dogs used is only 74 per cent. 

Chloroform and chenopodium for all cases reported shows an average 
efficacy of 69 per cent, the maximum efficacy for a series being 89 per 
cent in cases where dogs were given three 5- to lo-minim doses in soft 
capsules at i-hour intervals, each dose accompanied by K ounce of castor 
oil and followed a half hour later by 4 mils of chloroform in X ounce of 
castor oil, this dose of chloroform being in excess of 0.3 m. p. k. for the 
average dog (a lo-kgm. dog). 

Thymol shows an efficacy of 15 per cent and according to Gaiger^s 
record left hookworms in 7 of 9 dogs treated, with no evidence as to 
infestation on the part of the other 2 dogs. 

Nothing heretofore reported for experimental, tests of anthelmintics on 
dogs shows the 100 per cent efficacy for a series of tests against hook¬ 
worms that carbon tetrachlorid does.^ The best results heretofore ,have 
been obtained by repeated doses of’■chenopodium follow-ed by chloroform. 



172 


Journal of Agricultural Research 


Vol. XXI, No. a 


CUoroform alone appears to be better than clietiopodimii alone, and 
thymol makes a very poor showing.. 

ANTE-MORTEM AND POST-^MORTEM CONDITIONS 

In recommeiidmg that a drug be used as an antlielmintic, the question 
of safety must be given as much consideration as that of efficacy. As 
regards the treatment of dogs, the writer has administered carbon tetra- 
chlorid to 30 dogs in doses of o.i to 1.5 m. p. k., the latter dose being 
five times the dose required to obtain dependable efficacy against hook¬ 
worms, and has observed symptoms of any disturbance in only i dog, in 
which case the drug was given at the rate of i m. p. k., half of this dose 
being given without capsules. In this case the prompt evidence of 
intoxication m^as obviously due to inhalation, and the effect was very 
transient, disappearing in few minutes. This dog was not killed and 
is alive ,4 months later with no evidence of delayed poisoning of any sort. 

Of the 29 dogs examined post mortem, 14 were killed with illuminating 
gas, 9 with chloroform, and 6 by shooting. It seems advisable in experi¬ 
ments of this sort to use different methods of killing, as the method used 
modifies the post-mortem picture, a fact which the writer (7) has already 
emphasized. The methods used here require that the post-mortem 
findings be made with the following facts in mind: Illuminating gas 
produces the characteristic picture of carbon-monoxid poisoning, with 
the peculiar pink color of the blood and wdth this pink color present 
over a large part of the digestive mucosa. Chloroform produces a con¬ 
gestive condition of the digestive tract, of the liver and kidneys, and of 
other organs. Shooting through the head produces characteristic lesions 
in the form of hemorrhages in the heart or lungs or both, and where the 
hemorrhage from the bullet wound is sevei'e, the organs, especially the 
liver and kidneys, are light-colored from loss of blood. These dogs were 
shot with a ,38-caliber revolver, causing profuse bleeding. As previ¬ 
ously noted (7), a .22-caliber revolver, properly used, is large enough. 

With the foregoing facts in mind, the 29 dogs were examined and the 
following conditions found: The heart w^as normal. The lungs, aside 
from a negligible anthracosis in some cases, showed a few apparent 
ecchymoses in 2 dogs killed with illuminating gas, and some areas of 
apparent local inflammation in 3 dogs killed with illuminating gas and 
in' 2 dogs killed with chloroform. The liver was apparently normal 
macroscopicaily and showed nothing resembling the acute yellow necro¬ 
sis produced by chloroform in doses of 0.3 m. p. k. or less. The spleen 
was normal or showed in i or 2 cases conditions not related to the carbon 
tetrachlorid. ' The kidneys showed the pathological conditions which are 
almost always present,in dogs, but nothing that could be att,ributed tO; 
the carbon tetrachlorid. The bladder showed petechiae in 2, cases:—^not 
altogether rare in' dogs—and seemed, somewhat congested where, the: mix¬ 
tures of thymol ;or chenopodium were used.; The stomach was^ 'catarrhal 
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in 5 cases and showed some evidence of hemorrhage in i case. The 
small intestine showed some evidence of apparent local inflammation or 
slight hemorrhage in 7 cases, but this number of cases is so small com¬ 
pared to the number of animals used that it hardly warrants the belief 
that the drug was responsible for the condition. The large intestine was 
normal. The cecum showed hyperplastic glands in some cases, not an 
uncommon thing, and in 3 cases there were small inflamed areas not in 
relation to whipworms present. A low-grade inflammation at the site 
ot whipworm attachment, usually at the tip of the cecum, is common in 
dogs, as a similar condition is in man. 

In the writer’s experience the foregoing findings suggest that carbon 
tetrachlorid will prove to be safer for use against hookworms in the dog 
than chloroform or chenopodium, as well as more effective than either. 
It is thought that the same may prove true in the treatment of man. 
The reason why it is perhaps safer as well as more effective than chloro¬ 
form may be found to some extent from a reconsideration of its physical 
properties. As already noted, carbon tetrachlorid is distinctly less vol¬ 
atile than chloroform and has a higher boiling point, is much less soluble 
in water, does not diminish the tone of unstriated musculature, and, so 
far as tests on insects have any bearing on its effects on the higher ani¬ 
mals, it is less toxic. It may be supposed, then, that carbon tetrachlorid 
will evaporate less rapidly in the stomach and intestines, allowing the drug 
to go farther with less absorption; its lesser solubility in water will also 
retard its absorption; the fact that it is not depressant to unstriated 
musculature will permit of the maintenance of peristalsis and the passage 
of the drug along the digestive tract; and its apparent lesser toxicity 
makes it safer to the host. To substantiate part of these statements, it 
may be noted that the drug has been found entirely safe in the absence 
of any purgation, and, macroscopically it has shown nothing comparable 
to the acute yellow necrosis of the liver produced by chloroform. Two 
dogs receiving 0.3 m. p, k. and i dog receiving 0,1 m. p, k. passed no 
feces in the first 24 hours after dosing, and these animals showed no evi¬ 
dence of toxic effects. That the drug is not constipating is ’ shown 
by the fact that the 3 dogs receiving i m. p. k. and the dog receiving 
1,5 m. p. k all passed feces within 24 hours after treatment. 

CONGbXJSlONS 

So far as may be judged from experiments on 30 dogs, carbon tetra¬ 
chlorid in doses of 0.3 m. p. k., administered in capsules, is more effective 
against hookworms in the dog than any of the drugs commonly used to 
remove hookworms, even when these are used in such combinations as 
chloroform and chenopodium. It 'appears to be a very safe drug, giving 
nse to no evident symptoms or post-mortem lesions even in doses 'five 
times as large as are necessary to give dependable efficacy against hook¬ 
worms. It is cheap and' deserves ■ to be tested in ^ human md veterinary 
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medicine. Because of the possibility of impurities, only a pure and care¬ 
fully refined carbon tetrachlorid should be used. While this drug de- 
senses consideration with especial reference to hookworms, it is also very 
effective for removing ascarids, being somewhat inferior to chenopodiimi 
in this respect, and will remove whipworms, as other anthelmintics will, 
when it gets into the cecum. It is not of value against tapeworms. 
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COTTON ROOTROT IN THE SAN ANTONIO ROTATIONS 

By C. S. Sco]?iEi.D, AgricuUurist in Charge, Western Irrigation Agriculture, Bureau of 
Plant Industry, United States Department of Agriculiure 

INTRODUCTION 

The disease known as cotton rootrot has been prevalent on the San 
Antonio Experiment Faim since cotton experiments were begun there in 
1906. It was not, however, until 1912 that definite observations on the 
occurrence of the disease were made a matter of record. In that year 
counts were made of the number of cotton plants affected by rootrot in 
certain plots in a series of crop-rotation experiments, and the proportion 
of these diseased plants to the total number of plants in the plots was 
computed. Similar obsen’-ations have been made each year since 1912, 
so that with the season just passed there are available eight years^ 
records of the disease in these rotation fields. 

In 1916 the disease was so serious that more detailed observations 
concerning it seemed justified, and at the close of that season each of 
the cotton plots in the rotation fields was carefully measured and a 
diagram was made, showing the spots in which the plants were dead 
from the effects of the disease. Each season since 1916 similar diagrams 
have been made of each cotton plot. 

It has been thought that the best remedy for cotton rootrot was^ to 
be sought through a suitable rotation of crops, supplemented by deep 
plowing and thorough tillage. The rotation experiments here considered 
include a number of different crop sequences as well as some very different 
methods of tillage. While these rotation and tillage experiments were 
not planned with particular reference to rootrot control, they afford an 
opportunity to observe the reactions of the disease to different treat¬ 
ments during a series of years. 

During the eight years of record, 1912 to 1919, the disease has become 
increasingly serious in these rotation plots, as is shown in Table I, which 
gives for each year the average percentage of plants killed by rootrot 
in all the cotton plots in the rotation experiments.^ There were 25 

1 The actual increase in severity of the disease has been somewhat less than the data here given wotdd 
indicate, for the reason that prior to 1916 the rootrot counts vrere made before the end of the growing season. 
The actual dates on which the counts were made are as follows: 1912* Aug. 13; 1913, Sept. 4; 1914, early 
September (exact date not recorded); 1915, Sept. 2S; 1916, Oct. 23 to 25; 1917. Oct. 23; 1918, Oct. 23 to 39s 
J919, Oct. 27 to 3X. 
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cotton plots in 1912 and 30 plots devoted to this crop each year since 
1913. Of this number, 4 have been in cotton continuously, 20 have 
been in cotton each alternate year, 4 have been in cotton every third 
year, and 2 have been in cotton every fourth year. 

The table also gives the average yield of all cotton plots in the rotations 
in pounds of seed cotton per acre, the total annual precipitation as 
recorded at the experiment farm, and the precipitation occurring during 
the crop season each 3^ear from April i to October 31. 

Tabi^iS I .—Average percentage of cotton plants killed by rootrot in the rotation experiments 
at San Antonio, Tex., the average yield of these plots in pounds of seed cotton per acre, 
ike total anmml precipitation, and the seasonal precipitation, April to October, for the 
years IQ12 to IQig 



1913 

1913 

1914 

191S 

1916 

1917 

2918 

1919 

Average percentage of plants 
killed by rootrot. 

0. 4 

I. 3 

2.0 

7.1 

567 

26. 64 
21. 22 

21, 4 

9 - 7 

536 

13. 22 
II. 18 

12. 7 

259 
27. 06 
19. 05 

26. 0 

Average yield in pounds of 
seed cotton per acre. 

621 

s;6o 

784 

31-37 

22. 98 

1 

430 
27, 26 
21.47 

1 

42 
47 - 64 
38.12 

Total annual precipitation.... 
Total seasonal precipitation,.. 

26. 29 
’ II. 67 

I 36. 71 
22. 77 


BBSCRIPTION OF THE ROTATIONS 

The plots on which these rotation experiments are conducted are 
acre in size, being 264 feet long by 41.25 feet wide. The longer dimension 
of the plots lies on an east and west line, and the alleys between the plots 
are 4.75 feet wide. When planted to cotton each plot contains 10 rows, 
4.1 feet apart. The rotation plots are arranged in two series which extend 
north and south. Of these series the one on the west is called series A 
and the one on the east series B. A field road some 20 feet wide runs 
along the west side of series A, another separates the series from each 
other, and still another north and south road bounds series B on the east. 
Each series is subdi\dded by two crossroads, 16 feet wide, so placed that 
each subdivision of a series includes 18 quarter-acre plots. The subdi¬ 
vision or field at the north end of each group is numbered 4, the center 
one is numbered 5, and the one at the south end is numbered 6. Thus, 
field A--4 lies at the northwest comer of this group of six fields, and field 
B-6 lies in the southeast corner. The plots in each field are numbered 
from I to 18. The regularity of the system just described is broken in 
field A-4 by placing 4 plots whose long dimensions lie on a north and south 
line in the space that should be occupied by the 3 plots, 7, 8, and 9. 
These 4 plots—numbered 7, 8, 9, and 10, counting from east to west- 
are each surrounded by a ridge or border to prevent the run-off of water 
during torrential rains. Consequently there are in field A-4 actually 19 
plots instead of, 18, as in the other fields. 

This detailed description of the location of these field plots is given so 
that the^ .reader may, the .better interpret the' subsequent' notes on the 
field'distribution of thertootrot infection., 
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It is not necessary for the present purposes to describe all the rotations 
in the San Antonio series, so that only those including cotton are given 
ill the following list, and only the principal features of the tillage methods 
preceding the cotton crop are indicated. These cotton rotations may 
be grouped into four categories, as follows: 

1. Cotton continuously: 

A“4-i 9. Cotton following, field peas plo'wed under in March. 

A“6-~3. Cotton on land plowed in November. 

B~5~3. Cotton on land plowed in November, 

B“5~4. Cotton on land plowed in November and manured each year at the rate of 16 
tons per acre. 

2. Cotton on the same land alternate years: 

A~4a. Cotton on land plowed in December and fallowed for 16 months. 

A--4d. Cotton following com on land plowed in July and fallowed 8 months. 

A-5C1. Cotton following oats on land plowed in June and fallowed 9 months. 

A-“5C2. Cotton following grain sorghum on land plowed in July and fallowed S months. 
A~5di. Cotton following cowpeas plowed under in November ^ter an oat crop maturing 
ill June. 

A-5d2. Cotton following grain sorghum on land manured and plowed in July and 
fallowed S months, 

A~5ei. Cotton following coivpeas plowed under and the land subsoiled after an oat 
crop maturing in June. 

A-~5e2. Cotton following grain sorghum on land manured, plowed, and subsoiled in 
July, and fallowed S months. 

B-~5a. Cotton on land plowed in November'following forage sorghum. 

B“5b, Cotton on land plowed in November following forage sorghum. 

B"5e. Cotton on land plowed in July following grain sorghum. 

B~6a. Cotton on land plow^ed in July following com. 

B--6b. Cotton on land plowed and subsoiled in July following com. 

B-6c. Cotton on land manured and plowed in July following com. 

B-6d. Cotton on land following corn, manured, planted to field peas, and plowed in 
March. 

B"6e. Cotton following com, manured, planted to field peas, plowed under in March, 
and subsoiled after the cotton crop. 

B-6f. Cotton following com on land disked in July after the com crop but not 
plowed until after the cotton crop. 

B~6g. Cotton on land plowed in February after com. 

B“6h, Cotton on land plowed and subsoiled in Febmary after com. 

B-6i. Cotton following com with rye disked in after the com and plowed under in 
Febmary. 

3. Cotton on the same land every third year: 

A-“Sa, Cotton on land plowed in June, fallowed 9 months following oats for hay, w’-Mch 
had followed grain sorghum. 

A-“5b, Same as A“5a, except that the land was manured following the cotton crop. 
B-“4a. Cotton on land plowed in November follo'wing Sudan grass, wiiich in turn fol¬ 
lowed grain sorghum. 

B"4b. Cotton following field peas plowed under in March after oats for hay which 
followed grain sorghum. 

4. Cotton on the same land every fourth year: 

A-4f* A rotation of oats for grain, land plowed in June; grain sorghum followed by 
field peas plowed under in March; forage sorghum, land plowed in November; cotton 
' planted the following April. 

A-4g. A rotation that differs from the above only in that the field peas are cut for hay ^ 
instead nf being plowed under. '■ , . " ' 
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The plowing in these rotations is ordinarily done to the depth of about 
8 inches; where subsoiling is indicated, this is done in each furrow after 
the plow to the depth of 12 to 14 inches. After plowing, all plots are 
kept ill good tilth and free from weeds by harrowing and disking until 
the subsequent crop is planted. Where manure is indicated, it is applied 
at the rate of 16 tons per acre and plowed under. 

It will be obsen^ed that cotton is the only crop used in these rotations 
that is subject to rootrot injury and that the diversity of tillage methods 
fairly well covers the range of farm practice in this region. 

In the first of the categories listed above, cotton recurs on the same 
plot each 3’ear. In the second case, cotton recurs on the same plot each 
alternate year, so that to give an annual expression as to the rootrot 
injury each rotation may be regarded as occupying a held of }4 acre in 
she, one-half of which is in cotton each year. Likewise, for the third 
category, each of the four rotations may be thought of as occupying a 
plot of acre in size, of which one-third is in cotton each year, per¬ 
mitting an annual expression of the rootrot injury for each rotation. In 
the fourth case the rotation w'ould be regarded as covering i acre of 
ground, of which one-quarter is in cotton each year. 

This method of comparison is faulty, of course, in that it assumes a 
degree of uniformity as between adjacent plots with respect to rootrot 
infection that probably does not exist. But, on the other hand, in view 
of the fact that the different rotations were located in the fields without 
previous knowledge as to the location of rootrot areas there was no 
chance for bias in their distribution. It would be fair to assume that if 
any system of rotation or any method of tillage w^'ere really effective in 
controlling the disease this effect would be shown by a lower annual 
percentage of plants dying from the disease within the area subjected 
to that system or method. 

COMPARISON OF THE ROTATIONS 

In order to compare the effect of the disease as observed in the different 
rotation plots, it is necessary to present in some detail the annual records 
as to the percentage of plants killed by the disease. 

In the first of the categories listed above there are four plots on which 
cotton has been grown continuously during the period of record. The 
extent of rootrot injury in each of these plots is shown in Table II. 


Tabi^B II .—'■Percentage of plants hilled by rootrot hi the continuously cropped cotton 
plots at the San Antonio Experiment Farm, zgi2 to I gig 


Plot No. 

1912 

1913 

1914 

; 1915 

1916 

1917 

191S 

X919 

Plot 
; mean. 

. 

A- 6~3 .. 

B-S -3 . . 

B-S -4 . 

Annual mean. ., 

{^) 

0.7 

.9 
. 2 

"'s 

3-8 

.8 

4. 2 

17.6 
2.S 

II. 8 

-7 

49-7 ! 
la 5 

42. 0 

7*4 
96. 2 

60. 5 

10. 6 
15.1 
43-7 

36.8! 

25.6 

9.2 

30-3 

42. 0 

3^*3 

19-5 

9 S*S 

743 

18. 4 
6.7 
42, 2 
16,'0 

,.6 

2.0' 

6, 2 

18. 2 

s 

26.5 

26.8 

5 S -4 1 



« Not planted to cotton in ipia. 
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This tabular statement shows that these continuously cropped cotton 
plots have all suffered severely from rootrot. As has been the case with 
all the plots in the rotations, the disease has become increasingly serious 
during the later 3-^ears, The two plots that have had identical treatmentj, 
A“6”3 and show wide differences in extent of infection, but this 

may be due in part to situation, as they are in different parts of the field. 
The plots B-“5-3 and B~5-"4 lie side by side. Their tillage treatment has 
differed only in that B-5-4 has received annual applications of manure- 
It is not clear that this difference in treatment is responsible for the 
difference in results, but it may be a contributing factor. It is clear, 
however, that in A-4-19 the annual use of a green manure crop of field 
peas plowed under has not been strikingly effective in controlling the 

THE TWO-YEAR ROTATIONS 

The second category of rotations includes those in which cotton 
recurs on the same land each alternate year. The extent of rootrot 
injury in these 20 two-year rotations is shown in Table III. 

The outstanding feature of Table III is the wide variation in the ex¬ 
tent of rootrot injury in these different rotations, a range in means from 
0.8 per cent to 31.9 per cent. If there were reason for, beliexdng that 
these differences in rootrot injury were associated with differences in till¬ 
age methods or with different crop sequences, it would appear that the 
remedy for the disease was to be sought through the adoption of the 
tillage and rotation methods which have shown the least injur}^ through 
the period of years. But, unfortunately, a critical study of the facts 
does not warrant such a conclusion. It is only detailed analysis of 
the facts involved that the real significance of the results can be under¬ 
stood. For such a detailed study it may be expedient to separate these 
20 rotations into groups with respect to some significant feature of the 
tillage or rotation practice, as follows. 

1. IvONG PERIOD OF FAivEOW. —Rotation A-4a, cotton grown on land in 
alternate years, the land being plowed immediately after the crop is 
picked and kept in clean fallow for about 16 months until the next 
cotton crop is planted. The history of this rotation shows that very 
little rootrot developed prior to 1915 but that the injury has been severe 
during I9i'8 and 1919. This rotation may be compared directly with 
A-6-3 and B-5-3, which differ from it only in the length of fallow period, 
this being 16 months in the first case and 4 months in the other tivo cases. 
The mean rootrot injur}^ was 10.5 per cent for the long fallow period and 
6.7 and 42.2 percent for the two short fallow periods. Obmously, the 
longer fallow period has not shown a definite improvement of condition, 

2. Corn, sorghum, and oats as intervening crops. —Of the 19 
two-year rotations which include another field crop, 10 include com, 
6 include sorghum, and 3 include oats. If we disregard all other features 
of tillage and rotation practice, we find that the lo rotations, including, 
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com, show a mean annnai lootrot injury of 10.5 per cent^ with a range 
from 1.1 to 31.9 per cent; those including sorghum, a mean of 6.5 per 
cent, with a range from 0.8 to 19.3 per cent; those inciuding oats show 
a mean of 10.4 per cent with a range from 2.8 to 16.7 per cent. It is 
clear from these figures that these different crops do not effect differentiy 
the rootrot injury on succeeding crops of cotton. 


TAsrU III.— Percentage of plants hilled by rootrot in the njarious two-year rotations at 
the San Antonio Experiment Farm, igi2 to igig 


Rotation and plot No. 

i 

1912 1 

193^3 

1914 

1915 

1916 

1917 

191S 

1919 

Rota¬ 

tion 

mean. 


A,1 —T . 


0. r 

i 

3 :* 3 


4.7 


48.6 

\ 

A- 4 a 1 



0 

0 

■3. 2 

26. 5 

10 - 3 

A- 4 d - 

rA, 4--7 .. 



r- 5 


14, 0 


29.1 

27- 3 

} 13-0 

LA4-8. 


. 

. 

0 

12.5 

T 2 . 0 

TO. 2 





, 2 



9.8 


1 

A~5Ci^ 

-^0 /. 

lAs-S. 



2- r 


II. 6 


17.3 

39.0 

1 II. 7 



0 


. I 

18. 0 

20. 0 

) 

A--5C2 

y ... 

lAs~io. 

fAc^-TT_ 



. *5 


4-3 

5.6 


24. 8 

j 

A-sdx' 


. 2 

- 2 

22. 6 

21. 2 

} 7 

[A5~i2. 


I. r 


14*3 

15.0 

59. 0 

A—5d2, 

A S'—T 2 ... - __ 

. 2 

0 

43.2 

46. 9 


A-5, A 
A-sei • 

m—r'A ... 



r. » 


6.7 

20.8 

35-4 

1 ^ 9-3 


. ^ 

1.4 

14. 8 

4. 0 

1 2.8 

. 

As!—___ 


. i; 

0 

. 2 


I. K 


fAc —17 . 


0 


0 


3-7 


3-4 


1 

A-ses -j 

A 2-tS _ . ... 



0 



X. 6 

. Q 

y 1.2 

B-sa ■ 



0 


0 


0 


3-3 

} 

[10.... 

0 


. I 


2. 2 


.4 

B-sb J 

fii.. 


0 


1 .2 

0 

8.6 

1 

12___ . 

0 


. I 


s. 6 


II. 0 

} 3.2 

B-se • 

fiy. 



2. 2 


I. 2 

0* ^ 

4.1 

15. I 

1 

i^iS. 


. 6 

• 3 

0 

j 0 

1. 

A. 0 

8. I 

I 4.3 

B“6a i 

fi_ 


* 7 


1 

0* ^ 
2. 0 


4 - 9 


1 

[2... 

0 


r o'” 

,*8* 

. 2 

/ 

B~“6b i 

(7 .. 

0 


0 

j 

3^-3 


8. 0 






. r 


....... 

i 0 

.8 

6. 8 

1 2,1 

B-“6c -j 

rt.. .. 


! 0 


. A 

i 

•3 

1.7 

1 

6__ 




0 

1,9 

2. 0 ! 

1 

B-6d j 

fy . 


' 0 


0 


. 0 

8-3 

0 V 

1 

[S. 



0 


1 * 2 


1.0 


} 3;. 9 

B"“6e *j 

fo.. 


; 0 


•5 


4 -S 

13. 8 

O' T* 


iio--..-. 


1 ^ 

. 2 

; 2. 3 

3-9 

12. 6 

} 4-7 

B-6f ] 

... . 


1 I* ^ 


3 - 5 


51. S 

6-5 

1 

II2 ... 



• 7 

^ 0 

10.5 

21. 3 

1 12.4 

B-6g j 
B-6I1 j 

fl2. 


! 2. < 

12, 8 

4 * 8 

0* y 

98. 2 

81. 7 

8-3 

S* 5 

1 

I14. 

r«. 

-• 

1 ^ 

2.0 

13. 2 1 

\4S.7 

. 

23.2 

51-3 

1 2^'9 

16... 


I- 6 

i 14. 2 


36.6 

63. 6 

\ 26.3 

B-6i \ 

fi 7 —. 

[18. 


! . 4 

.6 

I 5 -S 

31.4 

J 

1 

_ 

i 

. 6 


' f 4 ^ 

* 3 

40. 7 

> II. 2 


3. oE suBsoinnsro.— ^Among the 20 two-year rotations there 

are five pairs' of which the members'of each pair differ from each other 
only in that m one case the land is plowed^ to. the ordinary depth of 
about 8 inches, while' in' the 'other,mse the plow is followed once during 
the 'rotation, with a subsoil ,plo'w which' breaks'the ground in the furrow 
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bottom to the depth of 4 to 6 inches additional In the five rotations 
that are not subsoiled the mean of the mean annual rootrot injury is 
14.2 per cent, ranging from i.i to 31.9 per cent. In the five subsoiled 
rotations the mean of the means is 7.4, and the range is from 1.2 to 26.3 
per cent. Direct comparisons between the members of each pair shows 
that in only three of the five cases does subsoiling show a reduction of 
injury, and in only two cases is this difference sufficiently great to be 
significant. 

4. Effect of barnyard manure. —Direct comparison as to the effect 
of barnyard manure is possible in two pairs of the two-year rotations, in 
one pair of the annual or continuously cropped plots, and in one pair 
of the three-year rotations discussed below, making four in all. In those 
four cases the mean of the mean annual injury on the iinmanured plots is 
13.7 per cent, ranging from i.i to 42.2 per cent, while for the manured 
plots the mean is 9.4 per cent and the range from i.i to 19.3 per cent. 
Direct comparisons between the members of each pair shows that in two 
cases they have the same annual means, while in one case the manured 
rotation has the higher mean and in the other case the lower mean. Erom 
this it must be concluded that the use of farmyard manure has not ma¬ 
terially reduced the injury from rootrot. 

5. Effect of green manure crops. —^The effect of a green manure crop, 
either cowpeas or field peas, may be compared in four pairs of rotations of 
which two are in the two-year group, one in the continuous-cropping 
group, and one in the three-year group. The mean of the annual means of 
the four rotations which do not have green manure crops is 14 per cent 
of rootrot injury, ranging from i.i to 42.2 percent, while the mean for the 
four in which green manure is used is 10,8 per cent, with the range from 
1.9 to 1S.5 per cent. These differences are clearly not significant, and the 
conclusion must be that a green manure crop is not an effective remedy 
for cotton rootrot. 

In addition to the foregoing simple and direct comparisons between 
several groups of rotation pairs, it is possible to compare the effect of com¬ 
binations of different treatments against the control rotations. For exam¬ 
ple, rotation''B--6a is a simple com-cotton rotation, the land being plowed 
immediately after each crop and kept fallow and in good tilth until the 
next crop is planted. Rotation B-6b is the same, except that the land 
is subsoiled after the com crop. In rotation B~6c the land is manured 
after the com crop. In rotation B~6d the land is manured after the corn 
crop and planted to field peas, which are plowed under preceding the com 
crop. In rotation B"-6e the land is manured, planted to field peas, and 
plowed and subsoiled during the period between the corn and cotton crops. 
These five rotations show progressive combinations of treatments that 
are often recommended for controlling cotton rootrot. Reference to 
Table III shows that the mean annual percentage of rootrot injury was 
much the same in all these rotations, though slightly higher in' the 
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last-named, in which all of the presumably beneficial treatments were 
combined. 

One other feature of these two-year rotations remains to be considered. 
It is a group in which the land is spring plowed or disked immediately pre¬ 
ceding the cotton crop. The four rotations included in this group lie in 
the south half of series B-6 and have all shown serious injury from rootrot. 
In the first of these the land is plowed only once in two years, and that 
immediately following the cotton crop. After the corn crop the land is 
disked and kept fallow by shallow tillage until the cotton crop is planted. 
The mean annual rootrot injury has been 12.4 per cent. In the next two 
rotations the land, though plowed twice in two years, is left undisturbed 
after the com crop until just before planting time, when it is plowed, and 
one of the rotations is also subsoiled at the time of plowing. The rootrot 
injury on these rotations has been 26.3 per cent for the subsoiled rotation 
and 31.9 per cent for the one that is not subsoiled. In the fourth rotation 
in this group the land is disked after the corn crop and sown to rye for 
green manure which is plowed under in the spring just before the cotton 
is planted. The annual rootrot injury in this rotation is 11.2 per cent. 
While it seems inad\dsable to make direct comparisons between these ro¬ 
tations and Other cotton-com rotations such as B-6a, because of the differ¬ 
ence in field location, it is clear that none of these treatments has checked 
rootrot injury. 

As a summary of these results from the two-year rotations, it may be 
said that the extent of rootrot injury appears not to have been influenced 
either by different crop sequences or by different tillage methods or by the 
use of barnyard manure or green manure crops. 

THREE-YEAR AND FOUR-YEAR ROTATIONvS 

On the black lands of Texas where cotton is the leading field crop it is 
hardly practicable to consider the UvSe of a rotation which docs not involve 
cotton as frequently as every third year, or at most, every fourth year. 
If a period of two years or three years without cotton is not stifllcieiit to 
secure a rotation effect, then it is clear that rotation effect must be dis¬ 
pensed with. As indicated above, the San Antonio rotation experiment 
includes four three-year rotations and two four-year rotations. The de¬ 
tailed record of rootrot injury in these six rotations is shown in Table IV, 
Two of the three-year rotations and both of the four-year rotations were 
'Started in 1913. 

While four of the six rotations included in Table IV show very slight 
rootrot injury, the other two—^thatis, one three-year and one four-year— 
show an extent of 'injury comparable with the plots cropped to' cotton 
continuously. In other words, these results do not justify the hope that a 
relatively' long period without cotton leaves the land Icvss likely to show 
rootrot injury when cotton is again planted. It is true that these longer 
rotations differ from each other in certain respects, but these differences, 
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are of the same sort that in the shorter rotations were found to be without 
effect on the extent of rootrot injury. Thus, rotation B-"4a, which shows a 
mean annual loss of only 0.6 per cent, differs from rotation B“4b with a 
annual loss of 6.9 per cent only in having a year of Sudan grass instead of 
oats followed by field peas. Likewise, in the four-year rotation one of 
these, A~4f, with an annual loss of 0.4 per cent, differs from the other, 
having an annual loss of 15.0 per cent, only in that the field peas are cut 
for hay instead of being plowed under. These differences of treatment 
can hardly be regarded as sufficient to account for the striking differences 
in the extent of rootrot injury. 

Having in view the whole of the results from these rotation experiments, 
one is forced to the conclusion that the control of rootrot is not to be found 
through any ordinary system of crop rotation or of tillage methods. 

Table IV. —Percentage of plants killed by rootrot hi the 'various three-year and four-year 
foiaiiofts at the San Antonio Experiment Farm, igi‘2-xgig 

three-year ROTATlOlSr 



rOUR-YEAR ROTATION 



a No record. 







































































Um HISTORY OF RECURVARIA MIRRERI, THE EODGE- 
POLE PINE NEEDLE-MINER, IN THE YOSEMITE 
NATIONAL PARK, CALIFORNIA 

By J. E. Patturson 

Entomological Ranger, Forest Insect Investigations, Bureau of Entomology, United 
States Department of Agriculture 

INTRODUCTION 

The iodgepole pine needle-miner (Recurvaria milleri Busck) infests the 
needles of the host tree, Pinus murrayana Oreg. Com,, causing them to fade 
and later fall from the trees. The result is defoliation in the infested areas. 
Stands of timber affected by the needle-miner can not be distinguished 
superficially by the untrained woodsman from those infested by bark- 
beetles of the genus Dendroctonus. To prevent needless waste of timber 
aiid money, therefore, it is very desirable that control operations against 
barkbeetles, namely, the felling of the trees, should not be undertaken 
where only the less serious, and usually not fatal, needle-miner infesta¬ 
tion occurs. 

The only serious epidemics of the needle-miner which have been re¬ 
corded occur in the Iodgepole pine stands of the Yosemite National Park 
of California. The studies presented in this paper were made in these 
epidemic areas during the summer seasons of 1917, 1918, and 1919. 
The investigations were confined exclusively to the Yosemite National 
Park, and the studies presented apply specifically to the insect in this 
locality only. 

HISTORICAL REVIEW 

In 1903 it was reported to the Bureau of Entomology through the 
Secretary of the Interior that large areas of iodgepole pine in the Yo¬ 
semite Park were affected by a leaf-mining moth. In May, 1904, Dr. 
A. D, Hopkins visited the Yosemite Park, planning to investigate the 
conditions wiiicii had been reported, but was unable to reach the lodge- 
pole pine areas, as all trails leading into the region were still closed by 
heavy snows. In 1906 Mr. H. E. Burke spent the month of July in the 
Tenaya Basin and Tuolumne Meadows, but found no evidence of the 
needle-miner in that vicinity, although a considerable amount of timber 
was being killed by the mountain-pine beetle (Defidrociofius monticolae 
Hopkins). Later, in 1907, Prof. J. H, Comstock reported its presence 
in the park to Dr. L. 0 . Ploward, stating that he saw large areas of 
tamarack pine (as Iodgepole pine is called locally) infested by the moths. 
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During tlie stiriiiiier of 1911 Forest Pathologist Dr. E. P. Meiiieeke 
made a reconnaissance through the 'Tenaya Basin and Tiioliiiiine McadowvS 
and reported widespread infestation by a needie-niiiier and a heavy 
iliglit of moths which occurred in July and August of that year. 

In October^ 1912^ Mr. J. M. Miller made a trip into the Teiiaya Basin 
and on into the Tuolumne Meadows and found that the barkijeetle 
infestation reported by Mr. Burke had spread and was tlireatenirig the 
lodgepole pine stands in both the Tenaya and Cathedral Basins. At the same 
time the infestation of the lodgepole pine needle-iiiiiier was conspicuous 
in both watersheds. At that time the insect was in the lan^al stage in 
the needles of the host, having mined such a high percentage of them that 
the foliage cast of the entire forest presented a dull brownish color. The 
general effect was suggestive of the scorching resulting from fire. Sub¬ 
sequent examinations by Mr. Miller in 1913 and 1914 indicated tliat the 
infesta.tion of the insect was distributed throughout about 30,000 acres 
in the National Park, 'extending through the main Tuolumne Waterslied 
and the upper basin of Tenaya Creek, a tributary of the Merced. It was 
limited, however, to lodgepole pine growing between the elevations of 
7,000 and 9,000 feet. Where the infestation had been prevalent for 
several years, the stands were usually defoliated to a considerable degree. 
Adult specimens collected by Mr. Miller in 1913 were later described as a 
new species, Recurvaria milleri, by Mr. August Bitsck.^ 

The writer was assigned in 1917 to a special study of the insect by hivS 
immediate superior, Mr. Miller.^ The program of the work as outlined 
at that time coiivsisted of field studies and experiments to be conducted 
throughout the period of activity of the insect in the infested areas 
during the spring and summer of 1917, 1918, and 1919. This original 
outline was not changed, and the. investigations were carried out in con¬ 
nection with the vStudics of a barkbeetle. which infests the liost tree in 
the same locality. 

During the early summer of 19:18 Mr. Carl Heinricli, s|)ccialisl in 
forest Lepicloptera of the Bureau of Entomology, accoin|;)aiiit'‘d the 
writer on a field trip isi'to the infested areas.'* 

CONDITION OF INFfiSTED STANDvS 

Where the needle-miner has been prevalent, the first noticeal)le result, 
aside from the brownish cast of the foliage caused by tlic colf’)r of the 
affected needles, is a distinct phase of defoliation. This is caused !')y tlie 
falling of a very high percentage of the needles whicli have been attacked. 
After several years of repeated defoliations a noticeable dying of the 
crowns and ends of branches, a stunting of growth, and a general decadent 

, ^ BuscK, August. DESCRIPTIONS op NEW microeepidoptera op porest trees. In Proc. Kilt, Soc, 
Wash., Y. 16, no. 4, p. 143-150, pr 7-8, 1914. 

^ Studies and records made by Hr. Miller in 1913 and 1914 have been freely used by the writer as a basis 
^ for his mvestigations,' and acknowledgment is of the value of these first records.. 

' 3 Suggestions made by Mr. Carl Heinriclr at the tb»o' of this trip and subseqiuciit assistance In the deter- 
, mination of material sent to him have been of great help to the writer. ■ 
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appearance of the trees becomes apparent (PL 30). It has been noted 
that this latter damage is most severe and conspicnous in mature or 
overmature stands, such as are fotmd in the Tenaya and Cathedral 
Basins. There is a striking contrast in the degree of damage in diflPerent 
localities of the infested area. In the northern part of the Tuolumne 
Basin, in the vicinity of Kerrick Canyon, the damage is much less severe 
than in the. Tenaya and Cathedral Basins, although the infestation has 
been present fully as long in the northern locality as in the southern. 
Dying tops and limbs would, of course, result from pathological condi¬ 
tions produced b}^ other causes than the needle-miner. No disturbances 
aside from the needle-miner have been noted; but the pathological 
aspects of the problem have not been thoroughly studied. 

It has also been noted that the degree of damage varies greatly accord¬ 
ing to the site of the host tree. Trees standing on rocky, exposed sites, 
under unfavorable soil and moisture conditions, suffer much more severely 
than those standing on meadows where there is abundant soil and moisture. 

Much of the timber defoliated by the needle-miner has been attacked 
and killed by an entirely different insect, the mountain-pine beetle 
(Dendroctonus monticolae). No direct biological association, however, 
exists between the needle-miner and the barkbeetle, although the badly 
defoliated trees are apparently so weakened that they offer little, if 
any, resistance to the attacks of the beetles. 

Final and complete killing of the trees as a result of the needle-miner 
damage alone has not been recorded, although some of the more severely 
affected have reached a condition that offers little hope for their ultimate 
recovery. The insidious character of the needle-miner damage is not 
readily apparent in areas of recent invasion, but is very noticeable in 
stands where the infestation has persisted for a number of years. This 
will be readily understood by reference to the diagrams (fig. 1-3), 
which show that the attacks upon the needles occur in such manner as 
to allow the trees a breathing spell sufficient to maintain their vitality 
for a few years after the initial attacks. 

CYCLE 

The length of the life cycle is 25 months and covers a period of i year 
and parts of 2 other years. The individual broods hibernate during 
two winter periods of approximately 6 months each: The feeding periods 
of the larvae occur during parts of 3 years, aggregating a total period of 

IX months. Flight occurs every alternate year, as in 1913, 1915, 1917, 
and 1919, During the alternate years from flight the broods are found 
in the larval stage in the needles of the current or previous year's growth. 

Emergence and flight of the adults occur during the period from July' 

X to August 31. For illustration of life cycle see figure i. Some few 
individuals may be seen earlier or later than these dates, but they repre¬ 
sent only advanced individuals and stragglers. During, th^ period of' 
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inaximiiiii flight tliotisands of adults lua}^ be seen on the wing and crawl¬ 
ing over ilie foliage of the host and other trees. Many of them fall into 
the streams and on the nunierons small lakes and perish; thousands may 
be seen floating on the vsurface of the water. During this period the 
flying moths become a pest to campers in the locality^ as they invade 
ifie tents and fail into the cooking utensils and provisions. 



PiQ, X.—^Diagram illustrating the life history of Recurvaria milkri at X<ake Teiiaya, Yoseiuite National 

Park. Calif. 


'The eggs are deposited on and under the, needle sheatlis at the base of 
the needles. Occasionally eggs are found ■ on the teniiinal shoots near 
the base of the needles. Larvse begin to hatch about August 5 and 
continue hatching until about September 10. Attack by the'young 
larvae on the tender needles of the current year's growth' begins soon 
after hatching. The young larvae invariably attack the new needles by 
boring in^ near the outer ends, and they always work toward the petiole,' 
never in, the opposite direction. This peculiarity 'of habit''pemiits of a 














Pl6. 2 .—^Diagram illtistratiag life cycle of Recurvaria miUeri larvae and tlie periods of larval migrations, as well as the periods of failing of the mined and 

abandoned needles. 
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longer life for tlie ai.tacked needles and insures fresli material fcjr itie 
larvjE to feed tipoii. By tlie latter part of October llie larvre liave grown 
to be approximately 2 min. long and have mined about one-tliird the 
outer leiigtli of the infested needles. 



^IG. s.—Diagram illustiating seasonal activity of Recurvaria milleri and tlie corresponditig plienological 

phenomena of the host plant. 


Owing'to the high elevations, above 7,000 feet, of the infested areas, 
winter conditions set in during the latter part of October and insect 
activity ceases until the following spring. During the winter of, the 
first season ^ the insect hibernates as ' immature laiwa in the partially 
mined needles. 
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Activity is resumed in early May of the next spring, and the brood 
develops as larvae throughout the growing period of the second season. 
By the middle of July the larx^se have mined two-thirds the length of 
the infested needles attacked during late summer of the previous year and 
are about half-grown, or nearly 4 mm. long. 

Beginning about August 5 of tins season, or when the new needles of 
this yearns growth are nearly full-grown, the lar\^ai begin to leave the 
mined needles in which the previous winter was passed and migrate to 
these new needles. The migration covers the period from August 5 to 
September 1, when practically all the brood is in the new needles (fig. 
2, 3). During this period the migrating lan^se are exposed and ma}^ be 
seen crawling about on the needles and twigs. Undoubtedly a high mor¬ 
tality occurs during the migration, but no statistics are available to show 
this. By the .first of September the larvae are well established in the 
new needles of the current year’s growth which are attacked near the 
outer ends. These new and tender needles are mined very rapidly so 
that by September 15 one-half the length of each infested needle has been 
eaten. 

Toward the latter part of October and the arrival of \rinter conditions 
the brood again ceases feeding and becomes dormant, passing the vSecond 
winter as nearly mature larvae in the first-attacked needles of the second 
season’s growth. 

Activity is again resumed the following spring in early May. During 
this spring-feeding period the larvae complete the mining of the needles 
in which the brood hibernated. These mined needles are then abandoned 
and the larvae attack green needles of the same growth, which by the 
last of May are from one-half to three-fourths mined; the larvse, now 
being full-grown, cease feeding and prepare the laiwal tunnels for pupa¬ 
tion in the needles mined last. These tunnels are vslightly lined'with 
silk and have emergence tubes leading to the covered exit holes near the 
tips of the needles. By the close of the second spring-feeding period 
eadi larva has mined an approximate average of two needles of the pre¬ 
ceding year’s growth. Thus, each larva mines three needles during its 
life cycle of 23 iiionths~one during the first season of attack and one 
after each of the two migrations (fig, 2). From this it is obvious that of 
the crop of needles which develops after the season of initial at’tack twice 
as many needles are mined as of the crop which receives the initial attack. 
This accounts for the more conspicuous color phase and defoliation which 
are apparent every alternate year (PI. 29, D). 

Pupation begins about June 10 and is continued until August 5. 
Piipm form in the mined needles with the heads toward the tips. Emer¬ 
gence of the adults begins about July i. Soon after the mined needles 
are abandoned by the migrating larvse or the emerging adults, the needles 
begin to,fall from the trees (fig. 2, 3). 

' 21—2 ' '' 
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THE MOTH 
DESCRIPTION 

The adult is a small, grayish moth with a wing expanse of t 2 to 15 111m, 
The head, fore wings, and thorax are of a silvery gray color irregularly 
marked with black. The antennae are white aiiiiiilated with black. 
The face is white. The hind wings are white dusted with fuscous; tlie 
cilia slightly ocherous. The abdomen is silvery white. The legs are 
white barred with black. The females are slightly larger than the males. 
(PI. 29, A.) 


EMERGENCE, LONGEVITY, AND HABITS OE FLIGHT 

The moths emerge every alternate year, as in 1913, 1915, 1917, and 
1919- First adults appear in the field between July 5 and 10, and emer¬ 
gence is continued until about August 15, reaching a maximum about 
July 25. The average length of life of the adults, as appears from data 
obtained on adults reared in field cages, is approximately 14 days. All 
observations indicate that the moths are most active during the warmer 
part of the day; myriads may be seen flying during the maximum period 
of flight and active on the foliage of the host on wann days between xo 
a. m. and 4 p. m. After 4 p, m. at these high altitudes the temperature 
drops considerably and the moths cease flying and are not so active on 
the foliage. On cloudy days the moths hide away among the foliage 
and in the crevices of the bark of the tree trunks and fly out only 
when disturbed. 

MATING AND EGG LAYING 

Copulation was observed in the field on one occasion only. Numerous 
observations were made in the field and on moths kept captive in a 
cage to detenniiie the approximate period of mating, but this one in¬ 
stance is all that was recorded. This occurred about 11 a. m., July 25, 
1919. When first noted the pair was attached and quietly resting on a 
small lodgepole pine branch a few inches from its outer end, 

Oviposition was observed once only and in the field at i p. ni., July 27, 
1919. When first noted, the moth was in position to oviposit at the 
base of the 1919 needle growth on the tip of a small twig about 5 feet 
above the ground. It was facing the tips of the young needles and had 
the ovipositor inserted between and under the needle sheaths and against 
the branchlet. This appears to be the normal position, as practically 
all the eggs' that were found in the field were located under' the needle 
sheaths or on the surface of the twigs near the base of the. 1919 needle 
growth. (Pi 29, B.) After this moth had been under observation for 
five minutes she was collected and it was found that she had deposited 
three eggs in' this position., Later■ the moth was dissected and nine 
'more eggs were secured.' 'The foregoing record of oviposition was made 
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during the period of maximum flight of the adults. On numerous 
other occasions moths were observed rrnming actively over the foliage^ 
occasionally stopping and pressing the tip of the abdomen against the 
base of the needles as though attempting to oviposit. Freshly laid eggs 
were found in the field during the latter part of July and throughout 
Augustj 1919. (Table I.) 


TabIvE; I .—Period of egg laying of Recurvaria milleri 


Date of observation. 

Number of eggs in record. 

1919. 

My 24. 

27. 

30 . 

Aug. 4. 

8. 

20. 

^ 5 -. 

3, at base of needles. 

7, at base of needles. 

8, at base of needles. 

10, at base of needles. 

5, at base of needles. 

8, at base of needles. 

3, at base of needles. 


It was not determined whether one individual female deposits eggs in 
more than one place or not; neither was the total number of eggs de¬ 
posited by individual females ascertained. Clutches of eggs found in 
the field averaged from five to six in number, (Tables I and 11.) 


Tabi.U II .—Number of eggs of Recurvaria milleri found in clutches in the field 


Clutch No. 

Number of 
eggs. 

I 

3 

2 

7 

3 

8 

4 

I 

5 

10 

6 

3 

7 

5 

8 

8 

9 

1 

10 

1 ^ 

Total. 

49 


THE EGG 
DESCRIPTION 

The normally deposited egg is oblong oval, rugose, and translucent, 
with iridescent surface reflections. The average size is 0.3 by 0.5 mm. 

WHERE DEPOSITED 

The eggs are .usually deposited at the base of the current yearns growth 
of needles and are concealed under the needle scales. Occasionally they 
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are foiiiid on the surface of the terminal twigs, but alw^^ajs close to the 
late iieeclle growtii. Wherever fotuid they are not secureh'- attaclied. 
(PL 29, B.) 

PEK1<,jn ()E INCn 1 iATKJIsr 

Incubation lasts approximately from 12 to 14 days. The iiiaxiniiiiii 
tiriie reqiiircxl for the eggs to develop, as recorded iii the season of 1919, 
was 14 da\cs, the .niiiiiniitni 12 days, and the average 1:3 days. Records 
on the inctibation of eggs for the season of 1.919 are given in Table Ill. 


Tabw5 lll.—lncuhaMori period of eggs of Recurvaria milleri^ season of xgig 


Number 
of ejjjgs 
in 

record. 

Bate of 
deiJo- 
silion. 

Uate of 
hatching, 

Incuba¬ 

tion 

period. 




Days, 

s 

July 27 

Atig-. 8 

12 

3 

27 

9 

93 

I 

30 


,1:3 

4 

30 

14 

14 


THE LARVA 
DESCRIPTION 

The mature larva is roughly cylindrical; its average length is 8 xmn., 
or from seven to nine times the width. The color varies from light 
lemon yellow to deep orange, with an indistinct darker red patch along 
the dorsal median line. The head is black with dark brown tlioracic 
shield, and the anal plate is lighter brown. The. prolegs are on ilie 
sixth, seventh, eighth, and ninth abdominal segjiients. 

IIABlTvS OF LARV/P: 

The larvje feed 011 the interior of the needles by boring in near tlic 
outer ends and working toward the bases, constructing longititditial 
mines which vary in length from one-third to the entire lengili of the 
needles (PL 29, C). The frass and excrement are ejected ihrougli t,he 
entrance hole as fast as accumulated. The larvm are very active; wiien 
disturbed they retreat through tlic needle mines, backing out Ihroiigh 
the entrance holes, and occasionally letting themselves down by means 
of a thread spun from the silk glands. 

The first stages of the larvae are passed in the young needles of tlie 
current year's growth. The first winter is also passed in these needles. 
When the needles of the next crop arrive the following summer the 
larvee migrate to them and feed until the dormant period of the second 
winter begins; the second hibernation' occurs in these needles. When 
activity is 'resumed the' second spring the laivae complete the mining of 
the needles in which the winter was passed and enter fresh needles of the 
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same growth. When these are partially or completely mined the now 
mature latv^ prepare pupal cells in the last-mined needles and envelop 
themselves in thin silk. During its life each larva mines an average of 
three needles. (Fig. i.) 

length on LARVAL STAGE 

The maximum length of the larval stage is 23 months, or from August 
15 of the first year to July i of the third year (Table IV). 

Tabi^E IA". —Duration of the larval stage of Recurvaria milleri 


Date of observation. 


Dcvelopinent and activity of larvse. 


Aug. 15,1917,10 June 
I, 1918. 

June 4, 1918...... 

June 13, 1918. 

June 22, 1918...,. 

July 13, 1918...*.... 

July 20, 1918. 

Aug. 3, 1918. 

Aug. X2, 1918. 


Aug. 23, 1918. 


Sept. 4, 1918.. 

Sept. IS, 1918.. 

Sept. 16, 1918, to May 
24, 19x9. 

May 24, 1919.. 


June I, X919.. 
June xo, X919, 
June 25, X919. 
July 10, 1919. 
July 25, 1919. 


No observations were recorded for this period.^ 

Larvse 3 inm. long; feeding in needles of 1917 growth. 

Larvae 3.5 inm. long; feeding in needles of 1917 growth. 

Do. 

Larv^ 4inm. long; feeding in needles of 1917 growth. 

Larvae 5 imn. long; feeding in needles of 1917 growth. 

Larvse in mined needles of 1917 growth and entering tmmined 
needles of 1918 gro^vth. 

Larvse in mined needles of 1917 growth and entering unmined 
needles of 1918 growth; many larvse in migration exposed 
on foliage. 

Larvse in mined needles of 1917 growth and entering unmined 
needles of 1918 growth; only a few individuals remaining in 
mined needles of 19x7 growth. 

Lan/se 5.5 mm. long; all in needles of 1918 growth. 

Do. 

No observations were recorded for this period.^ 

Lsirvaa 6 to 7 mm. long; in mined needles of 1918 growth. 

Larvae migrating from mined igi8 needles to unmined 
needles of same growth. 

Do. 

Larvae 7 to 8 mm. long; in freshly mined needlesof 1918 growtli. 

Prepxipal larvse and pupae in mined needles of 1918 growth. 

Do. 

Do. 


« The absence of records for these periods is due to the author's absence from tlie park. 


THE PUPA 
DESCRIPTION 

The pupae are dark brown to black in color and are approximately 
1.2 mm. ill diameter by 6 mm, long. They are found in thin silk cocoons 
in the last needles mined by the larv^. (PI. 29, C.) 

length or pupal stage 

The maximum pupal stage lasts from June 20 to July 20, or 30 days. 

HOST PLANT 

These studies were confined exclusively to the Yoseniite National 
Park, Calif., wherein the insect was found attacking only one host tree, 
the lodgepole pine {Pinus murrayana). 
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NATURAIv ENEMIES 


Ill connection with the work on this species, the following 10 species 
of hyineiiopteroiis parasites have been reared froni preptipa! larva^: 


A pimleks ,ti. . 

Angiiia sp. 

Aeihecerus 11. sp. 

Scamims sp . 

Epiurus sp. 

Eutelcs II. sp.... 
Habrocytus n. sp 
Copidosoma sp.. 
Elackeri us sp,... 
Eaiophid. 


Del, C. N. Muc\selH‘ck 
Bet. R. A. Ciisliinan 
Dct. R,. A. CnsliiiL'iii 
Dct. R. A. Cxisliinari 
Det. R. A. Oil sin nail 
Dct. vS. A. Rolvwi'f 
Det. S. A. Roliwer 
Det. A. B. Galiati 
.Det. A. B. Galian 
,Dct. A. B. Galian 


Of these parasites the Copidosoma and the Euteles are most abundant. 
Ill 1919 the writer obtained only the following: Euteles 11. sp., Copu 
dosoma sp., Fipiurus sp., Aethecerus 11. sp., Apanieles n. sp., Habrocytus 
11. sp,, and the eulophid. In this year 234 of the 1,886 host larvie 
examined were parasitized; thus the seven species listed above produced 
in this year a parasitism of approximately 12 per cent. 

In addition to the foregoing insect enemies there is a small bird laiown 
locally as the “pine siskin'' that in a few instances has been observed 
feeding on the adults during the Bight period. 


LARVAL MORTALITY 

During the studies in the spring of 1919 a number of mature larvre were 
collected to determine the relative mortality in this stage. Mortality 
during this stage only was studied, as it was practically impossible to 
obtain field data of this character for any other stage. A total of i ,886 
larviE wci'e examined; of this number 178, or 9 per cent, were dead a,ii,d 
more or less withered. The cause of this mortalitv was not detenniiied, 
tliougii it is probably a bacterial disease. 


DIvSTRIBUTlON 

The distribution of the lodgepole pine needle-miner in the Yoseiriile 
National Park is confined to the lodgepole pine stands in the higher 
elevations north of the Merced Canyon. The extent of this distribution 
is shown on the map (fig. 4). 

One striking feature of its distribution is its occurrence only in dis¬ 
tinct zones or areas of epidemic infestation. Within these areas the in¬ 
festation is abundant, involving every tree with resultant severe damage 
to,the entire stand. Outside of the infested areas the insect ,does not 
occur in the larvaP stage at all, or in such minor degree that no trace 
of it can be found. Only along the borders of the infested areas have 
trees been found which contain only a low percentage of affected needles. 

These areas of epidemic infestations occur only in belts between two 
fairly definite contours of elevation. 'The larval infestation has not 
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been found below 7,000 feet elevation and rarely above 9,000 feet, 
although the lodgepoie pine stands extend both above and below these 
contours. 

The reasons for these distinct limits to the distribution of the insect 
have not been determined. The moths in flight have been recorded in 



Fio. 4.-“Map of the Yosemite National Parle, Calif,, showing range of distribution and areas 
infested with Recurvaria milleri, 1919. 


localities many miles outside of the infested areas; in one instance in the 
Yosemite Valley at an elevation of 4,000 feet, 6 miles distant from the 
nearest infestation, and on Cathedral Peak, at an elevation of 10,000 feet, 
moths were abundant 3 miles distant from the nearest infestation. No 
trace of larval infestation has ever been found in either locality. 
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In 1919 the infested areas were determined as follows: Soutli of the 
Ttioliimne River in Tenaya and Cathedral Creek Basins, Snow Flat and 
Porcupine Flat, and Ten Mile Meadows; on the headwaters of the Ttio- 
liimiie River tliroiighoiit the Tuolumne Meadows as far east as Taiiibert 
Dome and the terminus of the Lyell Fork Canyon; dovwi the Tiioliitnne 
River to and throughout Conness and Alkali Creek Basins and Glen 
Atilin. The infested areas north of the Tuolumne Canyon occur in tiie 
Matterhorn. Canyon, around Benson Rake, and throughout the canyons 
of Keiiick, Stubblefield, and Jack Main. The range of the infestation 
covers an approximate total area of 60 square miles, or 39,000 acres. 

The records now available indicate an advance of the infestation 
toward the southwest. In 1906 no evidence of the needle-miner was 
found in Tenaya Basin or the Tuolumne Meadows. In 1911 the infesta¬ 
tion was prevalent and conspicuous in both these areas. In 1912 it had,,^ 
not advanced beyond the divide between Tenaya and Snow Flat, but in 
1917 infestation was very heav}?' throughout this latter area, and in 1919 
it was conspicuous in Porcupine Flat still farther southwest. The. 
limits of the host type are reached in Porcupine Flat, so tliat further 
advance to the west will necessitate a migration of 6 miles over a high 
ridge to the lodgepole pine stands in Yosemite Creek Basin. 

Records show that the invasion of a new ai'ea occurs suddenly, the in¬ 
festation reaching an epidemic condition in one year, with resultant very 
heavy defoliation from its inception. 

Old centers of infestation are indicated in the stands in Jack Main and 
Matterhorn Canyons. The greater portion of these stands is now dead, 
having been killed by the mountain-pine beetle years ago, but all indica¬ 
tions point to the fact that the needle-miner was present in these areas 
prior to the advent of the beetle. The needle-miner is still present in 
both these canyons, infesting the remaining trees. 

In Virginia Canyon, north of the Tuolumne Meadows, the iieedle-niitier 
was present in 191: i, as shown l>y the mined needles found under tlu! trees 
in 1913 and the absence from the twigs of a heavy pc^rceiitage of the 
1910 needle growtli; but for some I'eason that has not been determined 
the moths abandoned tlic area in'that year, and no trace of existing 
infestatioii has since been found. This is the only area now free of in¬ 
festation in which previous infestation has been known to exist. 

Heavy stands of lodgepole pine occur in the Illilouettc Basin and in 
other areas south of the Merced Canyon. These are the only large 
stands of lodgepole pine left within the park that have not been invaded 
by the needle-miner, although they are situated in the same zones of ^ele¬ 
vation as are the heavily infested areas around Tenaya. Invasion of 
these stands by the needle-miner may occur at any time; in fact, the in¬ 
festation'is drifting in this direction, as',is indicated by a small area of 
infestation which appeared in 1919'on the slopes of Clouds Rest just 
across the Merced: River from the Illilouette Basin.: 
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possibilities of control 

It is e-vident that the insects and other natural enemies of the moth 
have, not been sufficient to maintain control on the greater part of the 
area involved in the epidemic. Artificial measures are at once suggested 
by the information now available relating to the various stages of the 
insect’s life history. 

The use of sprays, which is usually resorted to for the control of infesta¬ 
tion of this character, does not appear practicable for application through¬ 
out extensive forest areas where every tree is infested, because this 
method to be successful requires very thorough and frequent applications. 
Because of the peculiar life history of the species, however, contact sprays 
would be more valuable than stomach poisons since, during the egg and 
initial larval stage and before the young larv^ have entered the tips of 
the needles, both eggs and lan^ae are exposed and contact sprays would 
reach them. Stomach poisons would be effective only when the larvae 
are eating their way into the needles. 

The infestation could also be attacked by felling the infested trees. 
During the feeding periods of the larvae the felling of the trees would 
cause the death of the needles and the larvae thus deprived of their food 
supply would soon succiinib. This method, however, would call for the 
felling of every infested tree in the entire stands involved in the epidemics. 
For this reason the method is impracticable and can not be con¬ 
sidered except in the case of a few trees which might threaten a non- 
infested stand. Such situations, however, have not been observed in 
this epidemic. 

On the whole, it is doubtful if costs of applying any method of control 
against the moth would be warranted by the present value of the lodge- 
pole pine stands in the Yosemite National Park. This species has little 
commercial value, and even for park purposes it is not nearly so desirable 
as other species. 

These silvicultural features should be considered in any scheme of 
forest protection for the Yosemite National Park. In many sites where 
the mature lodgepole pine has been killed out by barkbeetle epidemics 
following in the wake of the needle-miner invasions, mountain hemlock 
and fir are reproducing to a most encouraging extent. These latter 
species are more desirable for park purposes in many ways and are not 
subject to the insect epidemics which are killing the lodgepole pine. It 
is the opinion of the writer that the great amount of funds which would 
be required for the protection of the lodgepole pine could be spent to 
better advantage to encourage the reproduction of more desirable species. 



PLATE 29 

Recurvaria milleri: 

A. —Imago. (Drawn by Miss E- Armstrong.) 

B. —^Twig of lodgepole pine showing tlie 1919 needle growtli: a, Eggs and their 
location between scales at base of needles. The needles which covered the eggs 
have been removed in order to expose them for photographing. Print slightly n> 
toticlie.d. Approximately X 2. 

C. — a, Lodgepole pine needle showing larval mine; ai, entrance hole of larva; 6, 
larva exposed in needle mine; c, pttpa in normal position in needle; d, parasitized 
larva in nonnal position in needle. Approximately X 2. 

B.—Terminal twig of lodgepole pine showing partial defoliation The 1919 needle 
growth is at tip of twig and shows full complement of needles, as the photograph w'as 
made prior to the 1919 attack by the moths. The almost dentided section of the twig 
immediately below supported the 1918 needle growtli, which was mined by the iar\'0c 
and has since fallen. The 1917 growth appears just below and shows as nearly a com¬ 
plete set of needles. Still fartlier down the twig the 1916 growth shows defoliation 
comparable to the 1918 growth section. Note difference in degree of defoliation 
every alternate year, tlie heaviest occurring the year preceding flight. Tins is 
accounted for by the fact that the larva mines two needles of this year’s growth as 
compared to one needle of the growth produced in tlie year of flight, which rccei-ves 
the initial attack by the young larva. The same conditions are shown on the twig 
branch to the right. 


(142) 



Journal of Aij;ricultura.l Research 







Journal of Agricultural Research 


Vol. XXi, No. 3 
















PJ.ATE 30 
Recuwaria milleri: 


A. —Lodgepole pine stand showing damage. This stand has suffered for years by 
repeated defoliations. The defoliated condition of the lodgepole pine is plainly 
indicated by comparison with tlie mountain hemlock (tlie dark-colored tree showing 
full complement of needles). The three stages of defoliation are well illustrated in 
this photograph: a, First stage, indicated by partially defoliated twigs on limits in 
upper right foreground. Only tlie 1919 growth on the tips of the twigs shows as Ml 
a complement of needles. The annual growth prior to 1919 has suffered to a greater 
or less degree by defoliation. This stage represents the initial stage of damage* 
bf Second or intermediate stage, shown by appearance of tree in left foreground. 
This tree has suffered severely by defoliation, many twigs being dead and the foliage 
almost entirely gone. The 1919 needle growth is stunted, indicating weakened 
vitality, c, Third and last stage, indicated by tall tree in center, just to right of hem« 
locks. Note the dead crown and limbs and almost entire absence of foliage. 

B. —Lodgepole pine stand which has suffered severely by defoliation. Every tree 
has been repeatedly attacked for years. Note the dead crowns and limbs and scarcity 
of foliage. The top of tlie small tree in the foreground shows heavy damage to young? 
vigorous trees, as well as to the mature trees in the background. 




A BACTERIAL BUDROT OF CANNAS 

By Mary K. Bryan 

Assistant Pathologist, Laboratory of Plant Pathology, Bureau of Plant Indtistry, United 
States Department of Agriculture 

INTRODUCTION 

The disease described in this paper was first observed by the writer 
in July, 1918, when the unsightly appearance of hybrid caiiiia plants 
(Canna indica L.) in the public grounds in A¥ashington (PI. 31) drew atten¬ 
tion to it. The most noticeable lesions at that time were large, irregular 
brown spots which caused distortions of the leaves. Close inspection 
showed that many plants were attacked to a greater or less degree; 
leaves of all ages were involved, and often young shoots were killed by 
the destruction of the bud. A microscopic examination of sections of 
diseased areas disclosed the presence of swarms of bacteria in the tissues; 
and, as no mention of the disease was found in literature, a definite 
investigation was undertaken. 


APPEARANCE OF DIvSEASED PLANTS 


This disease is essentially one of young tissues and moist conditions. 
This is evident from the virulence of the attack on buds as well as from 
the fact that infections make little headway on mature leaves. 

The spots on the leaves vary in size from minute stomatal infections to 
ragged, brown, irregular areas extending several inches along the blade, 
usually between midrib and margin (PI. 32, 33). Small stomatal infec¬ 
tions are found in great numbers near the margins of large spots or on 
leaves with no large lesions, and on mature leaves they do not develop 
further. On young leaves they enlarge into spots which tend to run be¬ 
tween the parallel veins, giving to the leaf a striped effect. This effect 
is continued in the uneven margins of large spots formed by the coalescing 
of small ones, where often a diseased strip between two veins runs an 
inch or more beyond the main diseased area into otherwise healthy tissue. 
Young infections and the advancing edges of larger spots are first water- 
soaked, then yellow, later becoming brown. In the early morning water- 
soaked streaks extend far beyond the yellow tissue. Old spots are dry, 
thin, and grey-brown, and by shrinking cause distortions of the leaves 
(PI 32, 33). They show a dark, almost black, mottling or checkering, 
which is more plainly seen by transmitted than by reflected light, the 
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different colored areas being rectangular rather than round. Tliis mot¬ 
tled appearance and the position of the spots between midrib and iiiargin 
clearly distii'iguish this disease from the common dying* back of the older 
leaves, where tlie margin is 'first to succumb and tlie dead areas are a 
iiiiifonii red-brown. 

Infection usually takes place while the leaves are still rolled in the 
bud. Ill case stomatal infections occur just before the leaf pushes iip,^ 
tlie whole bud often looks very pale, almost white, and close examination 
shows it to be covered with minute white spots. Sometimes these do 
not spread further, and the leaf as it matures becomes green with a pep¬ 
pering of tiny spots, but more often as it unfolds it remains pale and 
stunted. At other times the infection has progressed so far that by the 
time the folded leaf emerges it is wholly or in part blackened, sometimes 
in spiral bands (PI. 35, B). In such cases the younger leaves usually 
become infected by direct contact, or the disease runs down the petiole 
and kills the young stalk and bud. A non-fatal bud infection is shown 
in Plate 35, A, where blackening has occurred but not to such an extent 
as to kill the shoot. 

From leaf “blade infections (PI. 33; 36, C) the bacteria invade the 
petiole, not by way of the vascular systei*n but through the parenchyma, 
chiefly through the channels of very loose tissue which occupy a large 
portion of the interior of the petiole. In the tightly rolled buds infection 
appears to pass directly from one leaf to another, so that when a young 
shoot is cut across near ground level, several petioles may be found to be 
diseased. The buds do not become soft-rotted but usually stand up 
black and dry or are bent over or broken off. Eventually the center rots 
out, leaving the hollow stalk standing with one or two mature leaves. 
This when cut across near the base is found to contain a watery rot* 
The rootstocks have never been found to be diseased. In tlie autumn 
of 1919 when the plants in the grounds were lifted for winter storage all 
the plants of one large bed that had sliown heavy infection were thor¬ 
oughly examined. All stalks were cut across a few inches from the 
ground, and in a large proportion of the clumps one to four stalks were 
found with interiors rotted out, to or below ground level, the lower part 
of the cavity being filled with fluid. In no case, however, was the rot 
found extending into the rootstock, the tissues of which do not seem to 
favor the growth of the organism. In many stalks showing a character¬ 
istic top—that is, standing erect with older leaves intact but with a 
hollow blackened center, the decay had not reached the lower part, so 
that a cross section x foot from ground level showed only sound tissue* 
Often when the shoot has escaped early and complete destruction, the 
flower clusters are ruined either by the infection of the young flower buds 
or by the decay of the stem. In, the former instance the stem and 
pedicels develop but the buds blacken, and die while still rudimentary 
(PL 34, A, C). In the latter case the stalk bends or breaks in the infected 
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region (PI 34, B). Infection often remains on one side of the stalky 
which blackens and, if infected very young, fails to elongate like the 
healthy side and so cracks across at frequent intervals, the cracks becom¬ 
ing gumiiiy with the exuded sap (PL 36, C). Sometimes the rot extends 
along the stalk to its tip, blackening pedicels and well-formed buds. 

SUSCEPTIBLE VARIETIES 

During the summer of 1918 most of the varieties observed were healthy 
or showed only a trace of this disease. The badly affected sorts were 
Princeton, Gayety, City of Portland, and Charles Tutz. The disease was 
most virulent in the early summer, many plants recovering during August. 

In 1919 the outbreak was much more virulent than in the preceding 
year, but the susceptible varieties were different. This time the Yellow 
King Humbert, a sport from the Red King Humbert, and Carmine 
Beauty were most injured. Many of the varieties planted in 1918 were 
not set out in 1919, so no comparison could be made. It was learned 
from one of the gardeners that some varieties had been dropped in the 
past because of this budrot, among them Fire Bird and Mrs. Alfred 
Conard, Another gardener ascribed all the trouble to overwatering and 
crowding in the hothouse before setting-out time, conditions undoubtedly 
very favorable to the activities of the causal organism, 

DAMAGE DONE 

In 1919 the disease was observed earlier than in the previous year— 
that is, in the latter part of May soon after the plants were set out. At 
this time there were only scattering infections, a few large leaf spots, 
and several infected and dead shoots. Later (June 19) several beds 
showed from 10 per cent to 80 per cent of infected plants; of These many 
had two or three of the four shoots involved, and eight plants in one 
bed had bent blossom stalks. 

During July many plants outgrew the disease by sending out new, 
vigorous shoots; but in August, although to the casual observer no traces 
of disease were present, a great many unsightly leaves and some sickly 
young shoots might be found, and often a blossom stalk pushed up 
through a ragged brown sheath. 

In May, 1920, potted plants in the hothouse ready for setting out were 
examined, and the following varieties were found severely infected-—^that 
is, with a scattering of dead or diseased buds: Yellow King Humbert, 
Gayety, Golden Eagle, Dazzler, Favorite, and Wallace. 

Other varieties on the same bed and subject to the same conditions 
were entirely free from signs of the disease. These were Meteor, Olympic, 
Rosea Gigantea, Fenal, President, Princeton, and City of Portland. 

No connection could be traced between infected beds of one year and 
the serious attack of the following year. The beds most heavily infected 
in 19x8 were in some cases almost disease-free in 1919, others were,badly 
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infexied, while some beds where 110 disease occurred in 19 iS showed tlie 
highest percentage of infection in 1919. I.liese obvSeiTatioiiSj howeverj 
are coinplicate.d by tlie fact that dilTerc^it varieties, tlie stisceptibiltty 
of which is not known, were planted the. second year. From |)rf‘sei'it 
kiiO'wicdgi.' it se.miis that the disease must he carried ovtir on t!it! root¬ 
stocks, especially since the trouble begins to develo[) l;)efore the plants 
are taken from tlie liotiiousc. 

Over watering of the foliage appears to be a large factor in the develop¬ 
ment of the disease, since rootstocks which were taken from heavily infected 
clumps and kept i.tnder favorable conditions during the winter and care¬ 
fully WTitered when potted in early spring gave not a single, case during* 
the entire sitrnmcr, while rootstocks from the same source without special 
care showed a large percentage of infection before setting-out ti,mcn 

GBOGRAPHICAb DISTRIBUTION 

The disease has thus far been observed only in tlie ‘District of Coliiriibia 
and in Illinois. Typically infected plants were found at Urbana, Ill, in 
the summer of 1920. 

IvSOLATIONS 

When sections were made of diseased tissues, motile bacteria wxre 
invariably found in great numbers swarming out on the slide. Plates 
were poured on peptone-beef agar from leaf spots, pedicels, and from 
petioles near the ground level. In every case practically pure cultures 
of a white bacterial organism were obtained. Judged from plate colo¬ 
nies, the organism was the same in every case, and comparative cultural 
studies of several isolations have corroborated this judgment. 

INOCULATlONvS 

Inoculations were made in 1918 on potted catiiias in tlie tiothoiivSe. 
These plants were not in good condition but were tlie only otic^s available 
at tlie time. Young leaves just unfolded were inoculated by filaciiig 
drops from a young agar slant culture on the surface and making deli¬ 
cate pricks in the blade through these. Drops were also poured into tlie 
tips of tightly rolled leaves without wounding. Subcultures of isola¬ 
tions from leaf blades and from petioles were used. Some plants were 
kept moist for 36 hours by spraying in cages with sterile water; others 
were left in the open hothouse. 

In most cases no infections appeared. One inoculated leaf showed 
on the fourth day several water-soaked streaks i to 10 mm. dong run¬ 
ning from needle pricks. These turned yellow then brown, but did not 
spread further. Plates were poured from the edge of the longest streak, 
and colonies were obtained which appeared to be right. ' Transfers from 
these conformed to the, original isolation in subsequent cultural tests. 

Attempts were made to infect the'slow-growing cannas with the re¬ 
isolation recorded above, but, all of these failed. Further inoculation' 




Maya, 1921 


A Bacterial Budrot of Cannas 


147 


work was therefore postponed until the following spring, when more 
favorable conditions would obtain. 

When the disease appeared in 1919, isolations were made from active 
young infections on leaves and petioles; and single colony^ subcultures 
from these were used for inoculating young vigorous cannas, obtained 
from a new source, in large pots in the hothouse. Suspensions from 
young agar cultures were sprayed into the youngest rolled leaf of some 
plants without wounding. In other cases the stalk below the lowest 
leaf blade was smeared with bacteria, and pricks were made through 
this to the young leaves within. Part of the inoculated plants of each 
lot were kept in cages and sprayed with sterile water for 36 hours; 
others were left in the open house. Controls in other cages were sprayed 
with sterile water. 

Good prompt infections were obtained by both spray and prick in¬ 
oculations on the plants that were kept in cages, and only fair infec¬ 
tions on those in the open house that were pricked. Controls remained 
healthy. Infection was apparent on the sprayed plants only when the 
young, susceptible leaves which were tightly rolled at the time of in¬ 
oculation emerged or unrolled, usually after six or seven days. On the 
oldest rolled leaves those spots which at this time showed as small 
stomatal infections did not progress further. On younger leaves the 
initial stomatal stage was past, the spots extending from vein to vein 
and beginning to lengthen into streaks (PI. 36, A). On pricked plants 
kept in cages, infection was more rapid and destructive, as is shown on 
Plate 36, B, C. Here infection showed on the fourth day, running down¬ 
ward from pricks seen in the photograph near the tips of the leaves 
(X, X). These leaves were tightly rolled when pricked through the 
enveloping folds of older leaves. In the leaf shown on Plate 36, C, 
the streak from the pricks on the midrib was 3 cm, long on the fourth 
day. One day later it was 10 cm. long, and by the eleventh day it had 
reached almost to the base of the next older leaf, widening downward 
where inclosed by the sheathing petioles and killing the shoot com¬ 
pletely. After the plants were once infected, secondary infections took 
place in some cases on young shoots which were in the same pots with 
inoculated shoots but which were too young at the time of inoculation to 
have been directly infected—that is, were without any leaf which had 
begun to unfold. Younger unfolding leaves on sprayed shoots also 
showed infection as they emerged some weeks later. 

Prom several of these infections reisolations were made, and inocula¬ 
tions with single colony transfers thus obtained gave typical infections 
on cannas when inoculated by spraying and by needle pricks. These 
isolations and, reisolations were used for cultural work in comparison 
with cultures of the previous year, with which they were found to agree, 
36731 ®— 21-—-3 ' 
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Tim ORGANISM 
DIJSCHIPTION 

llie causal organism is a short rod with rounded eiidsy single^ in pairs 
or chains, % to 2 m long by 0.5 to 0.7 ju broad, when stained from 24- 
iioiir agar citltiires. It is motile by means of one to tliree l^ipohir flagella 
(PL 3S, B), It does not form spores, is Grani-iiegative, is not acid-fast 
and stains readily with the ordinary aniliii stains. Ca|')siiles were stained 
from ic)“day agar cultures with Ribbert’s stain. Rods with swollen ends 
occur ill old milk cultures. 

CUUl^URAU characters ^ 

Agar plates. —On + 15 (Fuller's scale) peptone-beef agar at 20® to 25° 
C,, colonies appear on the second day. By the fourth day the surface 
colonies are 2 mm. in diameter, thin, white, round with entire margin, wet 
shining, finely granular, semitransparent, with internal concentric mark¬ 
ings by oblique light, especially in the thinner margins. As colonies 
enlarge (5 to S 111m.) they are white, slightly convex, and may be eitlier 
round or irregularly scalloped (PL 37, C). The scallops are formed by 
wedges of more transparent growth in which distinct radiating* lines are 
seen by direct transmitted light (PL 38, D). By oblique transmitted light 
the ■wedges show both radiating lines and also internal concentric markings 
(PL 38, F). In consistency they are viscid, beconiiiig more so with age. 
Buried colonies are lenticular, becoming round to irregular. 

Agar stabs. —In agar stabs the surface growth is flat, wet sliining, 
moderate, at first round, later with an undulate margin, then covering 
the entire surface. Stab growth is moderate, granular, tapering down¬ 
ward, ending at one-half the depth of the agar. In old ciiliures crystals 
form from the surface downward in ragged spears 1: to 2 cm. long, lliere 
is no discoloration of the agar. 

Agar streaks.— Two-day-old streaks from bouillon are filiform, 2 
mm. wide, tapering upward, white, wet shining, willi thin miirgiiis and 
granular center. Later (6 days old) growth is 4 to 5 mrn. wide witli 
finely scalloped edges and radiating lines by transmitted light, running 
from the granular center into the translucent margins. The V is half 
filled with white precipitate. The growth is very viscid. 

Gelatin plates. —On gelatin plates kept at 15® C. colonies appear on 
the fourth day. At 20^^ they are visible 0x1 the second day. Growth is 
very,slow.and without liquefaction at 15^. Colonies are thin, round, 
later becoming flower-like—that is, with a crater-like center and wider 
scalloped margin (PL 38, C). At 21^ to 24° very slow liquefaction occurs, 
beginning about,the tenth day, especially on thickly sown plates. On 
thinly sown plates colonies usually lie in a shallow,' dry saucer. 

^ Ka&lbaum’s agar tod Bxfco peptone were wsed tliroughont. 
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GkIvATin stabs.—T here is slight granular growth along the entire line 
of piiiictiire, best at the top where it is sometimes villous or papillate^ 
the leiigtli of the villi or papillae decreasing downward. Surface growth 
when 6 weeks old at 15*^ to 18° C. is thin, white, transparent, slightly 
rugose, with an undulate margin. No liquefaction occurs within two 
months at this temperature, but at2i°to25‘^a saucer of liquefaction i 
cm. deep may be formed within three weeks. Usually clusters of crystals 
foiin at the bottom of the liquefied part. 

Wm^Y AGAR ^ PUATEs.—Colonies on whey agar plates are white, round, 
convex, opalescent, with internal concentric markings by oblique light. 
On thickly sown plates by the third day, and on thinly sown plates by 
the fourth or fifth day, each colony is surrounded by a clear area i to 
2 mm. wide, beyond which a white halo extends outward (PL 37, B). 
On thickly sown plates this involves the whole surface. As the colony 
grows it fills the clear space, even growing out into the white halo. The 
halo is composed of an alkaline precipitate, which is readily dissolved by 
acids. 

Whp^y agar suants.— Streaked from beef bouillon, growth is moder¬ 
ate, white, filiform, 2 to 4 mm. wide with undulate margins. The whole 
surface of the agar becomes white-clouded except for a clear area i to 
4 mm. wide closely surrounding the streak of growth (PL 37, D). This 
halo is dissolved by acids. 

Potato CYUNDERS.—Growth on steamed potato is scanty, spreading, 
dirty white, wet shining, transient, becoming pale brown. The potato is 
grayed. Diastasic action is feeble. 

Beef broth. —Peptonized beef broth ( + 15) clouds weakly within 24 
hours at room temperatures (21° to 25° C.); often within this time it 
forms a heavier flocculent surface layer, which falls on the slightest agita¬ 
tion. In undisturbed cultures the clouding is often banded, the heavier 
bands at the top. A heavy, viscid pellicle forms, which often falls slowly, 
center first, the edges remaining attached to the walls, $0 that a hollow 
inverted cone is formed (PL 37, A), which lengthens slowly to reach from 
pellicle to precipitate, and may persist for weeks. This occurs in both 
alkaline and acid bouillons. The abundant viscid precipitate is granular, 
semitransparent, and does not form a compact mass. It rises in a tena- 
ciously viscid swirl on shaking. Clouding becomes heavy and is per¬ 
sistent. 

Miek.“ —Milk begins to clear on the fifth to the tenth day, and clearing 
is complete within four weeks. No coagulation takes place. The milk 
becomes golden brown on long standing, sometimes with a jelly-like 
consistency. 

i Eornimla for wliey agat: To 3 pints of milfc Seated to boiling add a 20 per cent solution of hydrocbloiic 
acid sufficient to coagulate the milk. Avoid excess of acid. Filter through cheesecloth. Add NI4.S 
sodium hydroxid until the whey titrates +7, To 500 cc. of whey add 150 cc. of water* 1,5 gm, of Nelsan’'s 
photographic gelatin No. I, of peptone, 7.5 gm, of agar flour, and 7*5 gtn. of saccharose. Dissolve 

by steaming ag minutesr clarify with white of egg, tube, and autoclave is minutes at rro* C. , 
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Litmtts ifTijc.—Littims milk blues rapidly and iitiifortnly from tlic 
top downward,, begintiing on the second day. Hiere is no coagiilatioip 
blit a gnidiui! iiiiiforni clearing. Reduction begins promfitly, the color 
passing from blue to pale ptirplisli gray (Ridgway,^ PL L///), clra!) gray 
(’Ridg'way, PL XIAPi), light drab (Ridgway, /■¥. XIALI), and tawny 
olive (Ricigway, PL XXIX). Later the blue color returns. 

MiyniYuitNit 'BXAJa miur.— Milk to which uietliylene Idue was added 
to make it ro!)in’s egg blue shows reduction in color 011 ilic second day. 
Ill I o days reduction is complete. 

Coun's souitxon. —^Usually no clouding occurs in Colin'’s solution. 
Occasionally very weak clouding takes place and a faint rim is foniiCH:!. 
After six weeks in such cultures the fluid is clear with 3 to 6 mm. widtli 
of white precipitate which breaks up on shaking. 

Uschinsky’s solution. —In Uschinsky’s solution clouding is lieavy 
with a viscid pellicle falling like that in beef broth, and a heavy viscid 
precipitate. 

Fermentation TubEvS. — In fermentation tubes containing i per cent 
peptone plus i per cent saccharose, dextrose, lactose, maltose, glycetiii, 
or mannit there is good clouding in the open end, but none in the closed 
end, and no gas. All give a slightly alkaline reaction to neutral litmus 
paper at the end of two weeks. 

Litmus sugar agar. —Litmus agar containing i per cent peptone 
water plus i per cent saccharose, dextrose, lactose, maltose, galactose, 
or glycerin is not reddened. Moderately good growth occurs on all. 

Brood serum. —Growth on blood serum is moderate, with no liquefac¬ 
tion and no discoloration of the medium. 

Congo red agar. —On congo red agar little or no growth occurs, but 
in a few cases it was sufficient to show that the red color is taken up 
by the organism. 

Optimum reaction for growth in bouiu.x)n. —'The organism grows 
best in +10 to +15 peptone-beef bouillon. It grows fairly well 

in 4-20 to +25 but not at all in +30. Growth is good in neutral 
bouillon and in —5 to —10, is weak in —15, very weak in —20, and 
no growth occurs in — 25. 

Toueration or acids. —^Neutral peptone-beef bouillon was used, to 
which was added o.x per cent, 0.2 per cent, and 0.3 per cent of malic, 
tartaric, and citric acid, respectively. These titrated as follows: 

fo.i per cent -fiS fo.i per cent -I-23 fo.i per cent +24 

Malic- .2 per cent -1-32 Tartaricl ,2 per cent +37 Citiicl .2 per cent +40 

^.3 per cent +47 1,3 per cent +53 1.3 per cent +53 

The organism grew readily in o.i per cent of all three acids, best in 
the malic, and weakest in the citric. No growth took place in 0.2 per 
cent or in 0.3 per cent of any of them. Other tests were made with 

^ Ridgway, Robert. cox*or vSTAhi>ards And codor NOMnNO^ATORij., '43 p., S3 pt (col.); ■ Wash¬ 
ington. D. C. 191a, . / 

' ■ ' 
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the following results: Growth in +32 malic acid, +37 citric acid, and 
+ 35 tartaric acid; no growth in +33 malic acid, +40 citric acid, and 
+ 37 tartaric acid. 

Toui^Ration op sodium chuorid. —^Tests were made in -I-15 peptone 
bouillon to which were added i, 2, 3, 4, and 5 per cent sodium chlorid. 
Prompt clouding, becoming heavy, appeared in i per cent, and fairly 
prompt moderate clouding appeared in the 2 per cent. The growth in 
3 per cent was delayed and took the form of cobwebby, viscid, persistent, 
streamers without clouding. These streamers were not made up of 
chains but of single or paired organisms. No growth occurred in the 
presence of 4 or 5 per cent sodium chlorid. 

Othur cuuturau PHaTurES, —Growth is not retarded in bouillon over 
chloroform. Nitrates are strongly and promptly reduced. No indol is 
formed (10 days to 2 months). Hydrogen sulpMd is produced in 
peptone-beef bouillon. Ammonia production is strong. The odor of 
most cultures is rather disagreeable. 

Temperature relations. —^The optimum temperature for growth is 
about 35° C. No growth takes place in peptone-beef bouillon (+15) 
below 5"^ nor above 40^. In one test there was very weak growth at 
40®. The thermal death point is 52^. 

Epeect op Preezing. —^When transfers from young +15 peptone 
bouillon cultures are frozen solid and kept frozen for 15 minutes, then 
thawed and plates poured with measured loops just as before freezing, 
the colony counts show that from 50 to 90 per cent are killed. 

Eppect op desiccation. —^The organism is very sensitive to drying. 
Drops of I- to 6-day-old bouillon cultures were dried on cover glasses 
in sterile Petri dishes in the dark. These covers transferred lo bouillon 
after 2 days* drying gave prompt clouding; after 3 days less than half 
gave growth, and after 5 days no growth was obtained. 

Effect op suneight. —^I'he organism is very sensitive to sunlight. 
Agar poured plates, one-half covered with black paper, were exposed 
to bright sunlight bottom side up on ice in November at 11.30 a. m. 
When counted 5 days later, colonies were numerous on the covered side. 
On the exposed side there was noticeable reduction after i minute’s 
exposure; 75 per cent were killed after 2 minutes, 95 per cent after 3 
minutes, and all were killed after 4^^ minutes* exposure. 

Vitality on culture media, —The most long-continued growth is 
made in milk, peptone-beef bouillon, and peptone-beef agar. At room 
temperatures the organism will live in these media for 6 or 7 months, 
or until the medium is almost completely evaporated. Cultures in these 
media kept in the ice box for i year give prompt growth when transferred. 
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GROUP NUMBEJR 

According to the chart of the Society of American Bacteriologists 
the group number of this organism is 211.3333023. 

TECHNICAL DESCRIPTION 

Bacterium cannae, n. sp. 

A short rod with rounded ends; chains; flagella i to 3, bi-polar; capsules; no pseudo- 
zoogioeae; aerobic; nonchromogenic; liquefies gelatin very slowly; diastasic action 
weak; reduces nitrates; does not produce acid or gas from sugars; clears milk; blues, 
then reduces litmus milk without coagulation; does not produce indol; produces 
hydrogen sulphid and ammonia; grows in Fermi’s and Uschinsky’s solutions and very 
feebly or not at all in Cohn’s solution; optimum temperature 35° C., maximum 40*^, 
minimum 5°; thermal death point 52®; vitality at room temperatures on media six 
montlis; Grain-negative, not acid-fast; sensitive to drying; moderately tolerant of 
acids and alkalis; sensitive to freezing and to sunlight. The cause of a nieristematic 
disease cultivated in cannas. 

SUMMARY 

The budrot of carnias is a hitherto undescribed bacterial disease caused 
by Bacterium cannaej n. sp. The disease is primarily one of young tissues 
and moist conditions. 

Infection takes place through the stomata and spreads through the 
intercellular spaces of the parenchyma of leaf blade, petiole, and stalk. 

It is most destructive early in the season, that is on young plants. It 
begins in the hothouse and continues in the open beds. It destroys the 
budSy. forms large unsightly spots on the leaves, and ruins the blossom 
clusters by blighting the flower buds or by decaying the stalk. 

The method of overwintering whether in the soil or on the rootstocks, or 
both, is uncertain as yet. Although no means of control has been worked 
out, it is recommended as a preventive measure that rootstocks for plant¬ 
ing be selected as far as possible from healthy stock only, that care "be 
observed to avoid crowding and overwatering before setting out, that 
good ventilation be maintained in the houses, and that specially sen¬ 
sitive varieties be discarded. 


^ Society of American Bacteriologists, uescriptivk chart. Indorsed by tbe society for general 
ttse at the aimtial meeting Dec, 31. *914. Prepared by the committee on revision of chart identiiicatioci 
of bacterial species. 





PLATE 311 

Young caiina shoot (natural infection) in which the land has been killed. ^Bac- 
icrmm cannae was plated from the interior i inch from the base of the shoot. Root¬ 
stock healthy. 


i All photojjraplis in I^lates 31 to 38 are by Mr, Jaancs P. Brewer. 
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PLATE 32 


Canna leaves (natural infection), showing character of spots and distortion ctf leaves* 
These were put under glass to straighten sufficiently for a photograph. Note lighter 
(yellowed) ai*eas and niinute stomata! infections in the vicinity of large spots. Much 
reduced. 



PLATE 33 

Canjia leaves (natural, infection), showing disease running down tlie petioles from 
large leaf spots. Compare Plate 36, A, where the infection is just reaching the midrib. 







I>I.ATE 34 

Blossom clusters (natural infection). 

A, C.—Infection on the blossom buds (blackened) of uninjured stalks. 

B. —Stalk decayed on one side and broken over while the buds are only slightly 
infected. 



PLATE 3S 

Tiglxtly rolled buds sliowiiig infection. 

A. —Bud moderately infected, and next older leaf witli infections at base and at tip* 

B. —Badly infected bud. Entire blackened area diseased. 

Natural infections. 
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PLATE 36 

Results of pure culture inoculations. 

■ A. —Second infected leaf on a vcr>^ young slioot inoculated by spraying, iS days 
after inoculation. In 5 days infection ran from water-soaked spots near the tip into 
tlie midrib as sliov^m in the figure. 

B, C.—Needle prick inoculations ii days old. Infection has run down from pricks 
upper part of each. Blackened areas are diseased. Part of leaf cut away in both, 
show decay within. In C observe cracks in the blackened area caused by the 
stretching of the sound side. 



PLATE 37 

A. —Cultures in + 20 beef bouillon, 8 da^^s old, showing viscid, pcrvSi,stenL falling 
pellicle ill diSerent stages. 

B. —Colonics on S-day-old whey agar plates. )< 2. 

C. —Colonies on beef agar ii days old, showing sliape. X 2, 

D. —^Wliey agar slant 3 days old, shoiving clear area and alkaline halo. 
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PLATE 38 

A. —Section of young leaf witli stomatal infections. Bacteria liave penetrated tlie 

mtcrcellular spaces to the center of tlie leaf from tlie upper infection at tlie right, 
Tlie cloud tlie lower left infection is composed of bacteria. Stained with 

ZieliTs carbol fuclisin. 

B. —Bacierkmi cannae, showing flagella. X 850. 

C. —Colonies on gelatin plate 7 days old at 15® to 18° C. X 10. 

D. —Agar plate colony by direct transmitted light, showing radiating lines and 3 
buried colonies. X 10. 

B.—Same colony as in D but by oblique transmitted light, showing internal con¬ 
centric markings and radiating lines. X 10. 




A CHLOROSIS OF CONIFERS CORRECTED BY SPRAY¬ 
ING WITH FERROUS SULPHATE 


By ClareJnc^ F. Korstian, Forest Examiner, Cari, HarTi^iSY, Pafhi^k^isi, Lyls F. 

Watts, Forest Examiner, and Gi^isn'N' G- Hahn, Scientific Assistant^ Forest Service 
- and Bureau of Plant Industry, United States Department of Agrkulitm ^ 

INTRODUCTION 

In plants the term '‘chlorosis'' is commonly applied to any abnormal 
condition whose most conspicuous symptom is a deficiency of green 
pigment. An exception to this general statement is perhaps the albin¬ 
ism of seedlings of oak, pine, and other plants which are from the first 
entirely lacking in chlorophyll, or, as sometimes happens in the conifers, 
have green cotyledons but no green in the leaves formed ]at<er. While 
such plants have always, so far as the writers’ experience goes, died in 
tlie seedling stage, and the phenomenon must therefore be regarded as 
strictly pathological, the condition is not ordinarily spoken ot as chlo¬ 
rosis. The inherited tendency on the part of healthy plants of horti¬ 
cultural varieties to grow leaves or parts of leaves lacking in chlorophyll 
is not usually considered pathological, and is better known as “varie- 
gsation" than as chlorosis. True chlorosis may be due to a number of 
causes, such as low temperature, which hinders the fonnatioii of pigment, 
or lack of nitrates, which, according to Crocker {2),^ at least in one of 
the algae, is associated with a rapid decomposition of cMorophyll. 
Plants in full sunlight are often less green than those less exposed, 
probably because of the rapid disintegration of the pigment in strong 
light. High temperatures very likely have the same effect (Black¬ 
man’s 'Time factor”). Plants with deficient water supply are, on the 
other hand, liable to chlorosis caused by difficulty in pigment synthesis. 

Much study has been given to the chlorosis of plants on calcareous 
soils, especially in connection wfth grapes in Europe. Roux (^x8) lists a 
Isirge amount of literature on this subject. Recent papers by Maz^s 
RuQt, Lemoigne (ry), and Gile (6) are well worth attention. The favor¬ 
able effect of iron on plants affected with certain types of chlorosis was 
discovered before the middle of the last century, spraying a solution of an 
iron salt on chlorotic leaves having resulted in correcting the chlorotic 
appearance (24). Molisch (14) discusses many of the earlier experiments 
with iron. In a recent interesting paper, Johnson (12) states that spraying 
with iron salts is helpful for a chlorosis associated mtli extremely high 

^ The writers wish to acknowledge helpful suggestions from Dr, C. B. L-ipman and Dx. Howard B. Piilling. 

^Reference is made by number (italic) to "literature cited," p. 170-171. 
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manganese content of the soil. Dement jew {4) discusses the question of 
wbetiier chloroses corrected by iron are really cases of iron hunger. 

The literature on the chlorosis of conifers is relatively small. Soraue 
(23) has reported chlorosis in Thuja occidentalis in Europe, and Schmtizi- 
ger (21) and Dafert and Kornauth (3) have noted chlorosis in spruce, 
without attempting to connect it with causal factors. Schmtiziger re¬ 
ports, as do other observers on angiosperms, that the chlorotic leaves con¬ 
tained plastids which became green when the leaves recovered. Neger 
{16) has described in more detail a chlorosis of spruce in a cold autuinn 
in which the yellow leaves or parts of them were found to contain mucli 
more starch than the green leaves or their green bases with yellow tips. 
He rather vaguely connects both current low temperature and the drouth 
of the preceding winter with the various phenomena observed. 

Contejean (x) lists Scotch pine {Pinus sylvestris) as somewhat calciftige, 
and makes the general statement that excess lime accompanied by lack 
of iron, or “encore plus'’ lack of potassium, results in chlorosis of calciftige 
plants. He, however, makes no specific mention of chlorosis in any 
conifer. Fliche and Grandeau (5) attribute the calciftige tendencies of 
P. sylvestris to the physical rather than the chemical qualities of lime 
soils. They find Austrian pine (P. austriaca), P. halepensis, and Abies 
peciinaia doing well on strongly calcareous soils, but the}-" find P. pinaster 
making a poor growtli In plantations on calcareous soil in all cases ol)- 
seived and entirely refusing to grow in some cases. Deficiency in starch 
and chlorophyll are noted for this pine on the lime soils, an<l also to a 
very slight extent for the Austrian pine on soils with extremely Iiigh 
calcium-carbonate content, llie chloroplasts of the chlorotic plants are 
said to be small The poor condition is attributed to potasli hunger, 
and no mention is made of iron hunger as a j-iossible cause. Ash, analyses 
showed the following conditions: 

On good soil, 

Pinus pinaster^ potasli .16 [ler cent, iron oxid 3,8 |,)er cent, lime 
40 per cent. 

On excessively calcareous soil, 

Pinus pinaster^ potash 5 |,)er cent, iron oxid 2.1' per cent, lime 
56 per cent. 

Pinus a/iisfriaca, potasli 14 per cent, iron oxid 3.3 per cent, 
lime 49 per cent, 

Sachs (20) reports chlorosis in young trees of Abies balsamca, A. 
apoUoniSt and A. bicolor and says that entirely clilorotic new growtli 
becomes green more or less promptly after considerable quantities of 
solid iron sulphate are placed in ditches in the soil near the roots. No 
controls are mentioned, but the promptness with which the younger 
trees are reported to have responded to the treatment supports liis com' 
elusion that the,recovery was due to the iron added, despite the fact 
that fast-growing chlorotic shoots, according to' his^ own statement, 
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usually improve in color toward the end of the season without any special 
treatment. 

An interesting American report is that on chlorosis of Sequoia 
sempervirens by Peirce (17). 

CHLOROSIS OF CONIFER NURSERY STOCK IN THE UNITED STATES 

At several of the nurseries of the United States Forest Service in 
Nebraska and farther west, conifers are occasionally somewhat chlorotic 
The condition has become a matter of importance, however, only in the 
Morton Nursery, in northwestern Nebraska, and the Pocatello Nursery, 
in southern Idaho. Chlorosis has also been noted in conifers at the 
Great Basin Experiment Station in central Utah, especially in lodgepole 
pine (Pinus contorta) seedlings and transplants grown two years in 
the seed bed and one year in the transplant bed. At the latter locality 
native aspen {Populus tremuloides) was also chlorotic in places. 

ANALYSES OF SOIL AND WATER 

At all the points at which chlorosis was found, analysis (by courtesy 
of the United States Bureau of Soils for the nursery soils, and of Dr. 
J. E. Greaves, of the Utah Agricultural Experiment Station, for the 
Great Basin Experiment Station soils, showed the presence of carbonates 
as indicated by carbon-dioxid evolution. Carbon dioxid rvas, liow^ever, 
reported from sites near tfie Great Basin Experiment Station on w^hich no 
chlorosis had been observed in either aspen or conifers, and from a 
nursery at which chlorosis had never been serious. In some cases the 
amount reported from soils on which the trees were green was greater 
than from those where the trees were chlorotic. The acid-digestion 
analyses showed for all the soils on which chlorosis was observed a con¬ 
siderable amount of calcium, much greater than that ordinarily found in 
the limnid region of the United States, and in every case greater than the 
average of the 570 soils of the arid region reported by Hilgard (jo, p. J77). 
Plowever, there is little apparent correlation between the amount of chlo¬ 
rosis and the amount of calcium reported. The Utah soil on which coni¬ 
fers were not chlorotic yielded over 17 per cent of lime (as CaO) and 12% 
per cent of carbon dioxid. The Pocatello nursery soil on which chlorosis 
was serious yielded more than twice as much calcium (2.9 to 4.7 per 
cent CaO) as Hilgard’s average for arid soils. It was not an excessively 
calcareous soil, however, as compared with some of the soils repotted in 
connection with chlorosis in Europe and Porto Rico, with the chalk soils 
reported by Somerville {22) on which healthy Douglas fir was growing, 
or with the Utah soil just mentioned as supporting nomially green coni¬ 
fers. The phosphorus (as P2O5) for the Pocatello soil was reported as 
approximately 0.7 per cent for all the samples, an unusually high figure. 
This at' once suggests a possible relationship, in view of the slight 
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solubility of ferric phosphate. The other soils on which chlorosis occurred^ 
however^ did not give any such high phosphorus analysis. The fact that 
the solubility of ferric phosphate is sufficient to make it a good source of 
iron in water-culture experiments prevents any probability of a relation 
between the amount of phosphorous found by analysis and the availability 
of iron* 

All the analyses indicated normal quantities of iinia. The results are 
in agreement with the general experience that acid-digestion soil analyses 
yield little information of value from the plant physiological or patho¬ 
logical standpoint. Petrographic examination by the United States 
Bureau of Soils of the Pocatello soil and of the nursery soil which con¬ 
tained carbonates without chlorosis gave no clue to the difference be¬ 
tween the plants on them. Acidity determinations by Dr. L. J. Gillespie^ 
of the Bureau of Plant Industry, showed a Ph of 7.8 for the Pocatello soil 
and 8.4 for the nursery at which there were carbonates but no serious 
chlorosis. The main facts to be drawn from the examination of the soils 
of the different stations was that all the soils on which chlorosis occurred 
contained carbonates and that two of them were underlaid with lime¬ 
stone. 

Analysis by the United States Bureau of Chemistry of the water supply 
showed 320 ingm. of bicarbonic acid (HCO3) per liter of water at the 
Pocatello Nursery, and practically no other anions, while at the nursery 
at which there were soil carbonates but no chlorosis there were reported 
180 mgm. of bicarbonic acid per liter, as against 450 mgm. of sulphate (SO4) 
per liter. This is of some interest in connection with the difference in 
the amount of chlorosis at the two places, as the arid conditions made 
necessary the application of considerable amounts of water to the nursery 
beds during warn weather. The soil solutions during the periods of 
greatest growtii must, therefore, have been iniluenced to a considerable 
extent by tlie character of this water. It was noted at the Pocatello 
NutvSery that the chlorosis was more prevalent in beds which had been 
under nursery management for several years than in beds which Iiad just 
been included in the nursery area and had therefore received less of tire 
water. 

KIND AND EXTlijNT 01? INJURY 

, At the Pocatello Niinsery ther'C was so much chlorosis and the growth 

I affected stock was so unstisfactory that a detailed study of it was 
idertaken. The nursery is at an elevation of 5,200 feet, well below the 
wer limit of natural coniferous forest growth in this region. Precipita¬ 
tion for the period during which the nursery is usually free from snow 
'{April to October, inclusive) averaged but 11.2 inches for the years 1909 
to 1917, inclusive. The days are warm and the nights cool during the 
growing^ season, only 2)4 months being entirely fme from killing frost 
The soil is a rather heavy black silt loam; composite samples from 8 to 10 
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points each show for three different parts of the nursery wilting coeffi¬ 
cients of 11*7, 12.6, and 14.3 percent, respectivelyd 

Tfie species in which the chlorosis has been noted are western yellow 
pine (Pinus ponderosa)^ Jeffrey pine (Pinus jeffreyi)^ Corsican pine (Pintis 
laricio corsicana)^ and Douglas fir {Pseudoisuga iaxifolia). Of the tw^o 
most important species grown here, western yellow pine and Douglas fir, 
the former is the more susceptible, especially during its first year. During 
the second year, Douglas fir is also considerably affected. 

The yellowing first becomes evident in the leaves of most recent growth, 
as reported by Sachs (ao) for firs and broad-leaved plants. The entire 
foliage ma}^ be affected. In serious cases, the leaves are short, inclined 
to curl, and are less turgid than normal leaves (as a consequence of 
lack of sugars and therefore low osmotic pressure). The terminal bud 
either fails to develop or is dwarfed and usually abnormally light in 
color. The height and diameter of the stem, the length of the roots^ 
and especially the ability to form fibrous lateral roots also appear to 
suffer in typical cases of chlorosis. The disease may occur in patches, or 
isolated yellow plants may occur. In severe cases death ensues, the 
parts first discolored being the first to die. 

The greater part of the injury develops after height growth has mainly 
ceased for the season. A marked functional disturbance is indicated in 
the apparent inability of chlorotic plants to harden properly for the 
winter. Chlorotic first-, second-, and third-year seedlings of both Douglas 
fir and wes^tem yellow pine, though not growing with the vigor of green 
seedlings, continue growth later in the season and are more susceptible 
to injury by early fall frosts. This recalls the frost susceptibility of 
chlorotic redwood shoots reported by Peirce (17) and further suggests a 
relation between chlorosis and low osmotic pressure due to failure to 
make sugar, as in wilting. Decreased winter loss as a result of a treat¬ 
ment which controlled the chlorosis is shown by the data in Table L 
vSeedlings chlorotic during their first or second year start growth tardily 
or not at all the following season. The number of dwarfed chlorotic 
plants which die during the summer is increasingly great during the 
second and third years in the seed bed. In transplanting, chlorotic 
seedlings are discarded. 

1 Betertained by the indirect method of Briggs and Shantz in the Laboratory of Biophysical luvestiga- 
tions, Bureau of Plant Industry, XJnited States Bepaxtment of Agriculture* 
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Tabi^B I .—Effect of iron-sulphate spraying on mortality of western yellow pine seedlings 


Series and plot. 

Av.e of 
stock 
duriu;? 
treat¬ 
ment 
period. 

Num¬ 
ber of 
Kced- 
lings 
l>er 

Sfiuare 

foot. 


Treatnieuts. 

Demi seed lilt K.S. 

Dates. 

Streiiidh 

of 

.‘solution 

(,jrrams 

per 

TOO CC.), 

Amount 

FeSO.t 

per 

square 
fo<»t of 
bed. 

Sept. 3 to 
Oct. 22, 

1917- 

Oct. 22, 
X917,to 
Apr. 23, 

(‘Winter- 

killed). 

vSept. 3, 
1917, to 
Apr. 23, 
1918. 


Mojiihs, 




Gni. 

Per cent. 

Per cent. 

Per cent. 





Auf?. 2, 






I, treated. 

14 to 18 

io 3 


24,Sept. 

2 

a 0. 95 

4 

0 

4 

II, treated. 

..do.... 

75 

. 

and 

I 

ft .47 

5 

0 

5 





. Oct. 2. 






I, control... 

..do.... 

115 




3 

8 

SI 

II, control.. 

. .do_ 

80 




4 

15 

19 

Ill, treated. 

■ 2 to 5 , 

52 


Sept. 3 

2 

a.95 

13 

0 

13 

Do. 

. .do_ 

58 


2-, 

' I 

0,47 

14 

0 

X 4 

Do. 

. .do_ 

63 


a n d 
Oct. 2. 

• s 

« . 24 

14 

11 

34 

Ill, control... 

. .do.... 

76 




14 

9 

22 





1 





a o.i pint of solution per square foot, equivalent to 0.03 inch of rain, applied to eacli treatment. 


The prevalence of chloro>sis in the I^ocatello Nursery during Septetii- 
ber, 1917, was determined by examining several thousand plants of the 
different age classes of western yellow pine and Douglas fir. Of the first- 
and second-year western yellow pine seedlings 82 and 62 per cent, re¬ 
spectively, wei'e chlorotic; while 74 per cent of the transplants grown 
two years in the seed bed and one year in the transplant bed were 
chlorotic. First-, second-, and third-year seedlings of Douglas fir were 
chlorotic to the extent of 6, 65, and 26 per cent, respectively; while 15 
and 62 per cent of the transplants grown three years in the seed bed 
and one and two years, respectively, in the transplant bed were chlo¬ 
rotic. 

OF WATERING 

It was at first tiiought that too heavy watering miglit liave lieeii 
responsible for the chlorosi.s at tiie Pocatello Nursery. Wiiile an exaire 
inatiou of the condition of the .soil did not indicate 'water-logging, varia¬ 
tions in the amount of artificial watering were tested. Four plots of 
Douglas fir seedlings approximately 2 moutlis old were given varying 
amounts of wate.r througlioiit a period of sliglitly over two montlis. 
The results appear in Table II. The artificial watering was at finst 
given approximately once a week and amounted to tlie eciiiivalciit of 
0.55 inch of rain on plot D, the most heavily watered plot. Plot C 
received two-thirds of this amount, plot B one-third, and plot A none. 
.After the first month tlie amount of water added at each watering was 
'decreased because of tlie difficulty of avoiding riui-off, and tlie frequency 
of application was increased. The plots in this experiment were free 
from chlorosis at tlie, beginning of the period, and all of them later 
exhibited more or less yellowing.' The, atnount of water a|)plied arti¬ 
ficially, combined with the natural precipitation,'did uiot total an ex- 
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cessive amount, except possibly in plot D. This experiment was carried 
on in a section of the nursery in which the disease did not prove to be 
prevalent, and little chlorosis occurred in any of the plots. The entire 
number of yellow seedlings shows an increase with increased watering 
through all four plots for the last three counts and a somewhat less 
marked but similar relation for the earlier counts. The magnitude of 
the difference is, however, not sufficient to permit positive conclusions. 
Whether the apparent effect of the watering in increasing chlorosis was 
mostly due to the solutes in the excess water, to cooling the soil, or to 
hindering aeration, it is not possible to say. That the entire effect of 
the watering should have been due to disturbance of aeration, or tem¬ 
perature, seems scarcely possible in the cases of plots B and C, which 
received relatively little artificial watering. These plots did not seem 
excessively wet, but the soil of plot D was sufficiently wet to peiinit the 
development of moss—abnormally wet for this nursery. 


Tabue II. — Effects of different amounts of artificial watering on chlorosis in 4- to 5- 
mo nth-old Douglas fir seedlings 



Plot A, 
un¬ 
watered. 

Plot B. 
lightly 
watered. ^ 

PlotC, 
moderately 
watered. ^ 

PiotD 
heavily 
watered. ^ 

1917. 

1 




Rainfall and artificial watering (in inches): 

i 




First half of August... 

Traces. 

0 .54 (3) 

i.ii (3) 

1-65(3) 

Last half of August... 

O- 25 (3) 

• 34 (4) 

• 43 (4) 

-53 U) 

First half of September. 

1.07(6) 

1-34 (7) 

1.61 (7) 

I-91 (7) 

Last half of September.... 

• 71 (2) 

1-07 ( 6 ) 

1*43 ( 6 ) 

1*83 (6) 

First half of October. 


.18(2) 

.36 (2) 

• 56 (2) 

Total, Aug, 2 to Oct. 6 . 

2-03 (ll) 

3-47 (22) 

4.94 (22) 

6.48(22) 

Percentage of seedlings found chlorotic:« 





Sept. I. 

7.8 

ri .8 

10.7 

17-9 

Sept. 13.... — 

6.1 

7 -S 

7-0 

14-7 

Sept. 22. 

1.7 

4-3 

S. I 

8.4 

Oct. 2. 

.4 

2. 2 

2.9 

4.8 

Oct 22 ... 

•4 

2. 2 

2*6 

1 4.0 


(I- Two s<Ti«are feet counted in each plot. Nui,nl>er of seecllingfs per square foot at beginning of test: Plot A, 
341; B, 244; C, 364; D. 278. 

^ Idgttres in tiarenthesis indicate total number of days on which rain or artificial watering occurred. 


A pathologic condition may be encountered in certain conifers growing 
ill wet situations. This condition would be unfavorable and therefore 
would result in subnormal vigor and growth of the plants subjected to 
such abnormal conditions. In studying hyperti'ophied lenticels at 'the 
Bessey Nursery, near Halsey, Nebr.,'oneof the writers {8) conducted an 
experiment in heavy watering, in which irrigations approximately equiva¬ 
lent to 2.2 inches of rainfall were repeated 17 times during a period of 
three months on western yellow pine transplants grown two years in the 
seed bed and one year in the transplant bed. Considerable chlorosis 
appeared in the heavily watered beds, the plants of which were originally 
thrifty and free, of chlorosis, while the controls remained nonchlorotic. 
There is also a possibility of a lack of proper aeration of the soil and of 
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oxygen litmger as a very probable and effective stimulus in inducing 
chlorosis in a mesophyte like Douglas fir in an excessively wet soil 

SPRAYING WITH RI^RROUS SUnPHATG 

Spraying with ferrous sulphate was tested on western ^^ellow pine and 
Douglas fir. The first tests were on seedlings of the former species 
approximately 14 months old. Plots 4 by 10 feet were laid out, series I 
in beds in which chlorosis was not serious, and series 11 in beds in which 
it was very prevalent. The two plots in each were adjacent and parallel 
Care was taken to choose plots as nearly as possible identical in vigor, 
number of seedlings per square foot, and amount of chlorosis. One of 
the plots in each series was sprayed wdth iron-sulphate solution at the 
rate of 2 gm. of sulphate per loo cc. of water, and the other was given an 



or ^/a/ce ^ee/^y/a/g on 

Fig. I.—Graph sliowiag the effect of a ferrous sulphate spray treatment on chlorosis in see<llitn';s of western 

yellow pine 14 to 18 months old. 

equal quantity of water only and was used as a control. The spraying 
was done with a hand-spray pump and was begun on August 2, 1917. 
In each case the plot selected for the treatment appeared slightly more 
chlorotic than the control at the time of the first treatment. On August 
24, after two sprayings, it was evident that chlorosis had been decreased 
but that chemical in,jury to the youngest growth had resulted from the 
treatment,, ■This injury is somewhat surprising, in, view of the successful 
use of 8 per cent solutions on pineapple {12) . , The' difference' in results 
,itiay,'of course,'be due to difference in the localization of the vSolution on 
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the surfaces of the two plants. Conifers are very difficult to coat evenly 
with a spray. Also the fact that there had been practically no rain from 
the first treatment to the time the injury was observed may have been 
responsible for the degree of injury by the 2 per cent solution. In a 
region of heavier rainfall this solution, or even a stronger one, might be 
entirely harmless to conifers. The treatments were continued, but with 
a I per cent solution at the rate of only o.i of a pint, containing approxi™ 
mately 0.47 gm. of ferrous sulphate per square foot of seed bed. Spray¬ 
ings with this weaker solution were made on August 24, September 3, 
September 12, September 22, and October 2; and the seedlings on sample 
areas were counted and classified as to the degree of chlorosis on different 
dates in September and October, and again in April of the following year. 



sfNC£ r/mr^emr/m m 

Fig. 2.—Grapli showing Uie effect of a ferrous sulphate spray treatment on chlorosis in seedHngs of western 

yellow pine a to s months old. 


The results are shown graphically in figure i. Decided iiiprovement in 
the color of the sprayed plots during the period covered by the counts 
is indicated by the data. The undiminished persistence of the good 
effect through the winter, a total of 6K months after the last spraying, 
and the smaller percentage of winterkilled seedlings in the sprayed plots 
(Table I) are worthy of note. 

At the time the first counts were made on the older seedlings (September 
3) plots of the same size were also laid out in beds' of both western yellow 
pine and Douglas fir of the current,year's sowing and were therefore, 
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about 3 months old. The results with the young western yellow }iii:ie 
(fig. 2) are more striking than those with the older stock. Autumn 
losses, presumably due to late clamping-off, were not affected by tlie 
treatments; but winterkilling was entirely prevented (Table I). The 
heaviest treatment seemed to give better results than the lighter ones, 
so far as correcting chlorosis was concerned, both at the fall and the 
succeeding spring examinations, but resulted after the third treatment 
in the blackening of some of the leaves. The chemical injury was even 
more marked at the time of the spring examination, when practically 
every seedling in all the western yellow pine plots treated with the 2 per 
cent solution showed chemical injury, whereas the plots treated with 
the weaker solution showed none. 

With 370ung Douglas fir (fig. 3) the amount of chlorosis inirially present 
was less, and the untreated seedlings as well as the treated improved in 
color during the course of the experiment. In so far as chlorosis is 
corrected, the results are similar to those secured with western yellow 



fir 3 to 5 iiitmthij oltl. 

pine. On Douglas hr, howevc‘r, tlie heaviest treat m(‘nt was no uiore 
effective against chlorosis than the light<‘St; the intcvrrnediate gave. 
best results. In view of this and the injury to western yellow^ |)iiie from 
the strongest solution, it appears tliat only tlu! intcniuediati^ strength 
(i per cent) shoiiM be used on conifers, at least if repeated sj)raying is 
practiced. 

Though the total area counted in all the spraying e:xpctrinir*titvS wstli 
first-year seedlings was small—12 square feet in tlie treated plots and 
6 square feet in the controls—^the data obtained from tlie counts sliow 
on the whole such consistent and decided improvement in tlie sprayed 
plots'as to leave no reasonable doubt about the therapeutic value of the 
treatment for western yellow pine. Observations on the entire area of 
the western yellow pine, experimental plots (200 square feet treated and 
120 square feet in the controls) indicate that thc‘ sample areas on wliich 
the counts' were made were reasonably representative'of the entire plots. 








Mays, 1921 Effect of Feffous Sulphate on Chlorosis of Conifers 163 


The contrast between the treated and untreated plots of western yellow 
pine at the close of the experiments was very strong throughout. 

No attempt was made to exclude the ferrous sulphate from the roots. 
Ill view of the high absorptive capacity for iron sulphate of the cal¬ 
careous soil with which Sachs woi'ked (19, 20) and the prompt reaction 
(fig. 2) following the small amount of the sulphate added by the writers 
in the x per cent solution treatments on the 3mtmger western yellow pine 
seedlings (fig. 2 and Table I), it is believed that the effect of the iron- 
sulphate spraying was due to the entrance of traces of iron into the leaves, 
presumably mostly through the stomata, though Molisch {14) reports it 
as entering through the cuticle. 

Forest officers report that i per cent ferrous sulphate sprayings begun 
ill April at the Morton Nursery corrected chlorosis in 2-year-old seedlings 
of both jack pine (Pinus banksiana) and western yellow pine by June, 
Scotch pine did not show chlorosis; jack pine showed it most. The con¬ 
trol of the yellowing was not absolute but was practically complete by 
the end of July. The iron-sulphate spray treatment is considered so 
successful that it has now been put into general use on all the jack pine 
and western yellow pine seed beds at the Morton Nursery. 

VAUU^ OF TH]^ EXPERIMENTS 

It appears from the literature cited in the introduction that on soils 
containing considerable calcium carbonate there often occurs a chlorosis 
which can be corrected by the addition of iron in soluble form to either 
the roots or the leaves. The trouble-making capacit}^ of the calcium 
carbonate, though not always in evidence, appears to be more or less 
specific. Other calcium salts and other carbonates do not seem equally 
effective as causes of chlorosis. It is reasonable to suppose, in view, 
among other things, of the precipitation of iron in alkaline solutions, the 
apparent substitution of iron for calcium in soil (15), and the nonayail- 
ability of colloidal iron (T, ii) that the trouble was chiefly due to the lack 
of dissolved iron in the water of certain calcareous soils. However, in the 
lime soil it might conceivably be that the balance of the solution for plants 
which are not distinctly caleiphile is so disturbed as to make more than 
the usual amount of iron necessary to maintain the plants in normal 
health on such soils. A further complication is the fact that the distribu¬ 
tion of chlorosis in different parts of the same plant is sometimes such as to 
indicate that at least part of the difficulty may be due to derangements 
in conduction instead of or in addition to absorption failures. Further¬ 
more, physiologists are not all ready to agree that the lack of green is 
really a symptom ^of a specific iron hunger, even in eases in which the 
remedial value of iron addition is demonstrated. The writers’ results 
have made no addition to the knowledge of the immediate cause of the 
chlorosis or the way in which the addition of iron woi'ksin correcting it. 
These complications are mentioned merely to show that 'fundamental 
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work on clilorosis lies in the domain of the biochemist rather than the 
pathologist or the forester. 

The immediately practical applications are fortunately simpler. Thl|f. 
writers have added three gymnosperms to the considerable list of angio- 
spernis in which chlorosis can be relieved by spraying ferrous sulphate on 
the surfaces of the leaves. While the best way to avoid chlorosis in co-* 
niferous iiunseries is probably to avoid soils containing any considerable 
quantities of calcium carbonate, an entirely practicable method of treat¬ 
ment is offered by which chlorosis can apparently be relieved in coniferous 
nurseries 'on lime soils. At the rate at which the experimental spraying 
was done, using the i per cent solution, which on the whole gave the best 
results, I pound of the relatively cheap ferrous sulphate is sufficient for 
over 900 square feet of bed. While with larger stock more material 
would be required, the process would still be relatively cheap. Johnson 
(jo), using a solution eight times as strong, reported the total cost of 
spraying pineapples as $0.60 per acre for each spraying. In a business 
as intensive as that of raising coniferous nursery stock such a cost item 
would be almost negligible. 

RELATION BETWEEN CHLOROSIS AND GROWTH 

Observations through several seasons at the Pocatello Nursery have 
indicated a relation between chlorosis and poor growth. In order to 
secure data on this relationship the seedlings in the control plots whose 
counts are given in figure i were classified by their apparent vigor of 
growth as well as according to their chlorotic condition. The counts 
showed for the first series that 23 per cent of the seedlings classed as vig¬ 
orous were chlorotic, while 42 per cent of the weak seedlings were in the 
chlorotic class. For the second series the difference was about the same, 
46 per cent of the vigorous seedlings being chlorotic against tlie very 
liigli j)roportion of 73 per cent among the seedlings classed as weak. In 
an effort to put tliis relationsliip on a more exact basis, s|">ecinicins were 
selected from each class and subclass of seedlings of wliicli a siifficieiii 
number were available to give a reasonable numerical basis, and measure¬ 
ments of roots, stems, and leaves were made. 

methods OE securing MEASUREMENTvS 

The seedlings taken were selected by a process of mechanical elimina¬ 
tion, every fifth seedling being chosen in most of the cases, so that they 
are believed to be representative of the groups from which they came. 
The leaf surface values were obtained by a method which does not pre¬ 
tend to give the absolute surface accurately, but which is believed to 
give sufficiently accurate relative values to permit a comparison of tlie 
different groups of plants. 

The surfaces of „the primary and secondary leaves of western yellow 
pine were determined" separately on account of their different sliapes* 
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The primary leaves are approximately semicircular in cross section, and 
for the purpose of obtaining a comparative surface value were considered 
as halves of cylinders having a radius equal to the thickness of the 
leaf midway between the base and the tip, with the length equal to the 
length of the leaf. The perimeter of the cross section at this point was 
taken as 7rR“!-2R—^that is, the sum of the lengths of the curved and 
the flat margins of the cross section. The surface of the leaf was 
taken as S = L(7r'RH-2R), in which h equals the length of the leal 
A sufficient number of primary and secondary 
leaves from each plant were measured to allow 
averaging (usually from 25 to 100, depending on 
the number per plant). The total primary leaf 
surface for the plant was obtained by multiplying 
the surface of the average leaf by the entire 
number of primary leaves. The secondary leaves 
were in most cases in fascicles of three, and their 
cross-sectional shape may be diagrammed as in 
figure 4. The same assumptions were made in 
this case as in the case of the primary leaves, 
the leaf being taken as an exact third of a 
cylinder with the radius equal to the thickness of the leaf midway 
between the base and the tip, and the surface calculated by the formula 



r'lG. 4.--Cross-sectional 
shape of fascicle of three 
secondary leaves of western 
yellow pine. 




)■ 


This formula appears to be more nearly correct than 


a paraboloid formula, and it is believed that it offers a better basis for 
comparing the leaf surface of one group of plants with that of another 
than would be given by statements of the average number, length, 
breadth, and thickness of the leaves. 


interpretation or the measurements 

Prom Tables III and IV it appears that the height and the weight of 
the tops, the length and the weight of the roots, the diameter of the 
stems at the root collar, the length and thickness of the secondary 
leaves, and the average total leaf surface of the plants was less for 
chlorotic plants tlian for green seedlings of the same vigor class and that 
terminal bud formation was most common and most pronounced in the 
most vigorous plants. The data indicate that the failure to form buds 
is related to a general lack of vigor, which in many cases is associated 
with chlorosis. The adverse effects of chlorosis on terminal bud fonaia« 
tion and development is significant in connection with the high winter 
mortality of the strongly chlorotic seedlings. 

The small size of the different parts of the plants in the chlorotic 
seedlingvS, as compared with the green seedlings, is, on the whole, fairly 
uniform. Two exceptions to this are, however, noteworthy. In Table 
III it appears |.iat the roots of the chlorotic plants are nearly as long 
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as those of the green plants. However, the weight of the roots was 
decidedly less in the chlorotic than in the green plants. This agrees 
with the field obsenT-ations, indicating an association between chlorosis 
and a deficiency of fibrous lateral roots. It will be noted that the 
strongly chlorotic plants in the \dgorotis class had a root weight coii“ 
siderably less than that of the green plants in the weaker class. While 
the roots of these plants were also somewhat shorter, the weight differ¬ 
ence was distinctly greater. 

The other lack of parallelism between increased chlorosis and de¬ 
creased growth is in the primary leaves. These were nearly as well de¬ 
veloped in the chlorotic plants as in the green plants. This is considered 
significant as indicating that the plants which were decidedly chlorotic 
and lacking in \dgor during the second season were not originally very 
different in their growth rate from the others. This relationship is most 
easily seen in the three columns under'' Relative leaf surface ’' in Table IV. 

Tabl^ III.— Root, top, and terminal hud development of the different type classes of 

2 -ycar-0 Id seedlings 

UNTREATED WESTERN YELTOW PINE ^ 
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Tabli} lY—Leaf development of the different type classes of 2-year-old seedlings 
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This difference between the first and second season’s growth of the 
same plants is thought to have some bearing on the character of the asso¬ 
ciation between chlorosis and lack of vigor. Three possible explanations 
of this association present themselves: (i) A general lack of vigor may 
predispose to chlorosis; (2) the conditions which cause reduced vigor at 
this nursery may also favor chlorosis, so that the two phenomena are 
coordinate effects of the same set of conditions; (3) the poor growth of 
chlorotic plants may be a result of the chlorotic condition. 

The first of these possibilities has little to recommend it from the the¬ 
oretical standpoint, in so far as vigor is judged by the growth rate of the 
tops. Sachs (19) finds iron-hunger chlorosis especially common in rap¬ 
idly growing shoots. The evidence in Tables III and IV that the chlo¬ 
rotic seedlings were not seriously deficient in growth of tops at the begin¬ 
ning of their second season tends further to discredit this first suggested 
explanation. Such difference in the primary leaf system as did exist 
between the different subclasses was more likely the effect of chlorosis 
during the preceding year than the cause of chlorosis during the current 
season. However, the root weights are of some interest. That poor root 
development may predispose to chlorosis is entirely probable. In a soil 
deficient in available iron, a plant with little root surface would presum¬ 
ably be especially liable to iron hunger. 

The second and third explanations are both believed to apply in part 
to the obvious association of chlorosis and poor development. Lack of 
balance of soil solution around the roots of the plant sufhcient to interfere 
seriously with the chlorophyll-forming function might easily interfere 
more or less with some of the other processes in the plant to an extent 
sufficient to decrease growth rate. Furthermore, the shortage of chloro¬ 
phyll and consequent decreased ability to synthesize carbohydrates 
would very naturally result in decreased growth of at least some parts of 
the plant. It is, therefore, the belief of the writers that poor develop¬ 
ment of roots (but not of tops) is probably a contributory cause of chlo¬ 
rosis, that both chlorosis and poor development of the whole plant may 
in part be parallel and independent results of excessive lime, and that 
chlorosis is almost certain to result in a still further decrease in growth. 
A circular relation, therefore, seems to obtain. 

The data on Douglas fir in Tables III and IV indicate that with this 
species, as with the western yellow pine, there is a decided difference in 
growth between green and chlorotic seedlings. With this species as with 
the other, the weight of the roots of the chlorotic seedlings is much more 
deficient than the length. From the data it is not possible to determine 
separately the first and second year’s growth, as was possible to a certain 
extent in the, western yellow pine. The deficient tenninal bud produc¬ 
tion and development on the part of the chlorotic plants is as evident 
in Douglas fir as in western yellow pine. ■ 
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A condition associated with chlorosis in Douglas fir which does not 
appear in the measurements is its abnormally prompt loss of turgor on 
the cutting off of the water supply. The leaves of chlorotic seedlings 
wilted so quickly after the plants were taken up that measurements of 
the width of the leaves could not have been accurately made for this 
species. Another difference not shown by the measurements is in the 
color of the terminal buds formed. The terminal buds of normal Douglas 
fir are a reddish brown, while those of the chlorotic seedlings vary from 
a light brown to a brown. 

No relation between the growth rate and the artificial supply of iron 
was evident from an examination of the beds. As the treatments were ' 
not begun until the latter part of the growing season, no material effect 
was to be expected. 

SUMMARY 

Chlorosis has been the most serious problem encountered in the success¬ 
ful production of coniferous nursery stock at a nursery in southern Idaho. 
The disease affects all coniferous species grown in this nursery. With 
chlorosis were associated poor growth of roots, stems, and leaves, failure 
to form normal terminal buds, and susceptibility to winter injury. 

The importance of excessive soil moisture as a cause of chlorosis has 
not been definitely determined. Preliminary experiments indicate, 
however, that it is relatively unimportant. 

Chlorosis in western yellow pine at the Pocatello Nursery has been 
definitely corrected by spraying with ferrous sulphate at io~day inter¬ 
vals. Similar, though less decisive, results were obtained with Douglas 
fir. A I per cent solution in amounts sufficient to wet the tops thoroughly 
proved the most satisfactory treatment. A 2 per cent solution ultimately 
caused chemical injury to practically all the plants. In a region of more 
frequent rains the stronger solution might be better. 

The control of chlorosis in jack pine and western yellow pine at the 
Morton Nursery in Nebraska by spraying with a i per cent solution of 
ferrous sulphate has given such evidence of success that it has been 
adopted as a part of the regular nursery practice. 

The three soils on which conifers have been found decidedly chlorotic 
all contain considerable amounts of carbonate and have been formed, 
in part at least, from limestone. The nursery water supply at Poca¬ 
tello also contains much calcium bicarbonate. No definite correlation 
could be found between chlorosis and the amounts of calcium or of car¬ 
bonate obtained by hydrochloric-acid digestion analysis. 

86731^-21^-5 
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ROOTING STEMS IN’ TIMOTHY 

By R. A. OakIvBy, Agronomist^ and Morgan W. Evans, Assistant Agronomistf 
Office of Foragc'-Crop Investigations, Bureau of Plant Industry, United States Depart¬ 
ment of Agriculture 

INTRODUCTION 

In botanical and agricultural literature there are many references to 
stolons and rootstocks or rhizomes in timothy. However, the state¬ 
ments made and the terms employed are so confused that it is scarcely 
possible to determine in any case the specific nature of the phenomenon 
that occurs. It is by no means clear whether rooting stems above 
or below ground are referred to; neither is it clear to what extent and 
under what conditions such stems are actually formed. Some writers 
have concluded that stolons and rootstocks are varietal characteristics, 
while others indicate that they are very generally found in timothy. 
No effort has been made by the writers to find the first mention of stolons 
or rhizomes in the literature on timothy, but apparently they were not 
mentioned by botanists or agronomists prior to the time of Tinnaeus. 
In the literature of the nineteenth century, however, there are many 
references, principally to what are termed stolons; but no detailed 
information is given regarding them, and consequently there is a very 
general lack of knowledge of just what they really are, or as a matter of 
fact that they actually exist. 

In connection with their timothy breeding investigations, the writers 
have had the opportunity to study the timothy plant closely, and they 
have devoted some attention to the rooting stems, which it sometimes 
produces. The results of these studies it is hoped will clear up the 
subject somewhat. Most of the data upon which this paper is based 
were obtained at the Timothy Breeding Station, which is conducted 
cooperatively by the United States Department of Agriculture and the 
Ohio Agricultural Experiment Station, at Elyria, Ohio. 

TWO KINDS OF UNDERGROUND ROOTING STEMS 

In June, 1918, some timothy plants were found growing in a field 
where timothy stubble had been plowed under the previous fall. These 
plants on casual observation had the appearance of plants which had 
grown from seed, but a close examination disclosed the fact that many 
of them were attached by underground stems to the stubble of the old 
plants that were turned under. The finding of these underground 
stems led to further search for plants possessing them and to critical 
studies regarding their formation. Abundant material was available 
at the station in the fall of 1918 and in the summer and fall of 1919 in 
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fields where timothy stubble and plants had been plowed under at 
different times of the year. 

From their investigations the writers found that underground rooting 
steins in timothy are of at least two kinds and that each develops in a 
different way. One type of underground stem is that illustrated in 
Plate 39, A. This type develops frequently when tixnoth}^ stubble or 
plants are plowed under in the summer or early fall. It is the iioimal 
thing in timothy for the bud that forms the new shoot to develop from 
a node below one of the enlarged intemodes at the base of an old culm. 
This is the way the timothy plant reproduces itself vegetatively. 
During the early growth of the shoot the nodes from which the leaves 
arise are close together. When the shoot grows in length to fonii a 
culm with a spike, only about six of the upper internodes elongate. The 
total length of the lo to 20 unelongated intemodes at the base of the 
culm ordinarily does not exceed 0.4 inch. Sometimes, however, it is 
somewhat longer. From the basal nodes, the root system of the new 
plant is produced. 

While the foregoing is what takes place normally, the development of 
the new shoots may be modified appreciably by external conditions. 
When timothy stubble or plants that have passed the seedling stage are 
plowed under, or are similarly covered with soil, buds that make the 
new shoots start development in the normal way, usually only one 
bud on a stem. But the young shoot, instead of rooting where it is 
formed, almost immediately adjacent the mother plant, grows toward 
the light. In doing so the intemodes at or near the base of the new 
shoot, sometimes only one, usually two or more, elongate, thus pushing it 
up to the surface in a nearly vertical direction. In many cases small 
fibrous roots develop from the nodes between these elongated basal 
intemodes. It is in this way that undergound stems of rootstock-like 
appearance are formed. The length of the stem produced by the elonga¬ 
tion of the basal intemodes and the number of intemodes involved depend 
to a very large extent on the depth to which the old culms are covered 
with soil. Some have been found having eight intemodes, and some 
with a total length of 5.3 inches. Ordinarily these stems do not extend 
entirely up to the surface of the soil An occasional shoot has been 
observed with its crown 3 inches below the surface, although the crowns 
are usually much nearer the surface than this. When produced under 
normal conditions, the crown of the young shoot is at the surface of the 
soil The varying depth at which the crowns of the shoots attached to 
underground^ stems occur may be influenced by the extent of the leaf 
growth while it is still beneath the surface. The elongation of the basal 
intemodes, together with the growth' that takes place in the leaves, 
brings the tips of the leaves tp the surface. The shoots with the greatest 
leaf development p'robably reach the surface with the least elongation of 
the basal intemodes, other conditions' being equal ' Tkis may explain 
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wfiy some shoots have their crowns larther beneath the surface than 
others, even though the buds from which they were produced were 
covered to the same depth with soil. 

Root systems develop from the crown of all timothy shoots having 
underground stems, and each shoot is soon capable of continuing its 
growth independently of the mother plant. On a typical plant, selected 
in November, 1919, from a field in which timothy had been plowed under 
one year previously, the underground stem connecting the new plant ndth 
the parent plant was partly decayed and disintegrated, showing that the 
plant no longer had any vital connection with the stem from which it 
originated. 

Underground stems of the same type can be induced by placing soil to 
a sufficient depth about the base of a growing timothy plant. An under¬ 
ground stem which has developed in this way is shown in Plate 39, B. 
The plant illustrated originated from a seed sown in the spring of 1919. 
In the following summer soil was placed about the plant to the point 
indicated by % to the right of the figure. The shoot on the left grew from 
a bud at the base of a culm of the parent plant. The underground stem 
that attached the new shoot to the mother plant was i inch long and w^as 
composed of a single elongated intemode. The crown of the shoot was 
yi inch below the surface of the soil wffiich surrounded it. 

The second type of underground stem is found where timothy plants 
with growing culms are covered with soil, as by plowing. Buds that 
sometimes form on the culms of these plants frequently develop into shoots 
and ultimately into independent plants, and the culms themselves become 
underground rooting stems. This type is illustrated in Plate 40, A* 
That the stem a had developed as a culm before it was plow^ed under is 
clearly shown by the lower elongated intemode, which is enlarged in 
diameter and which fomis what is commonly, but erroneously, termed a 
bulb. Further evidence that this stem had already developed as an 
ordinary culm before it was plowed under is found in the dried and partly 
disintegrated leaf at the second node above the enlarged basal intemode. 
This leaf could hardly have grown to a length of several inches beneath 
the surface of the soil. In the plant illustrated in Plate 40, A, it was 
impossible to detemiine whether the shoot 6, growing at the end of the 
stem, originated from the terminal bud of the culm or from a bud at one 
of the nodes farther back. It will be noted, however, that there is a 
secondary underground stem c arising from the second node above the 
enlarged basal intemode. This is of the t3q)e shown in Plate 39. It is 
rarely that secondary shoots develop at nodes between the elongated 
intemodes of timothy culms growing under ordinary conditions, but when 
the culms are covered with soil this frequently occurs. A rooting stem 
such as is shown in Plate 39 and in Plate 40, A, c, might have develops 
in connection with shoot h in Plate 40, A, had the culm a from which it 
arises been covered to a sufficient depth with soil. 
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A careful examination of the scattering timothy plants that appear in 
a field where a timothy sod has been plowed under leads to the conclusion 
that many if not most of them have not come from seed directly but 
have been produced vegetatively from the buried stubble or culms. This 
fact is important agronomically, especially when it is desired to grow 
pure strains of timothy for seed on the sod of a former timothy crop. 

So far as the writers have been able to find, these two types of under¬ 
ground steins, both rooting or at least both capable of producing roots, 
are the only types of underground stems produced in timothy. 

ABOVE-GROUND ROOTING STEMS 

Rooting stems sometimes develop above ground, but they have rarely 
been observed at the Timothy Breeding Station. They are apparently 
formed when weak or decumbent stems come in contact with the soil. 
Such a stem is shown in Plate 40, B. 

Regarding above-ground rooting stems, Witte ' says (in translation): 

However, in a few cases of dwarf varieties I have noticed that the tufts were less 
firm, %vMch in turn is due to the fact that the shoots grow out from the axils of the 
leaves situated higher up on the culm, as, for instance, from tlie second or third inter¬ 
node above the swollen one. Because in the case of certain varieties at least the lower 
part of the culm rests on the ground, these shoots easily take root, and in this way we 
get, as it were, a system of surface runners. 

Since the rooting stems that form above ground are apparently but 
incidentally associated with a decumbent habit of growth, it is very 
doubtful if they should be regarded as a varietal or strain characteristic, 
Witte, however, has so regarded them. Ascherson and Graebner ^ have 
named and described a variety stoloniferum, but from their description it 
is not clear whether their variety includes plants with rooting stems 
above or below ground, or both. European literature contains so many 
references to rooting stems in timothy that it is probable there may be 
forms in Europe which are not found or are at least are not common in this 
country. On page 36 of his “Om Timotejen/'^ Witte figures a very 
spreading, short-culmed plant which closely resembles one or more of 
the forms regarded by some botanists as distinct species of Phleum, which 
are characterized in general by a decumbent, spreading habit of growth. 
The influence of these species or forms on timothy may explain why 
above-ground rooting stems are mentioned so frequently by European 
botanists and agriculturists. It is quite evident to the writers that 
underground stems are in no sense a varietal characteristic, since they 
can be induced without difficulty. 

1 WlTIJe,, Heroflid, OM TXMOtSJEN, »E;SS HISIOIUA, ODLING OCH FORMEIKEDOM SAMX OU F5 rAi>LW< 3 S" 
ARBSTENA MED DETTA vaedgras ea svae 5 f. Id Svciiges Utsiidesfor. Tidskr., Atgaaig as, HSfte i, 
p. S3“44J HSftc' 4, p. 143,-i8a; HSfte 3, p. 199*230, 24 fifi- 1915. Rdstmid in German, p. asa-^so, Biblich 
gxapMcal footnotes. ' ' ' 

* Ascbeeson, Panl, .and Oraeb^iee, pattl. synopsis dee miwelepeopaischen pixjra, ' Bd. 3, AH. i. 
p. 143. Leipzig.''1S9S-1903, ' 

; ' ' ^ ■ ■■ , 
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NAMES NEEDED FOR DIFFERENT TYPES OF ROOTING STEMS 

The question arises as to what name should be applied to rooting stems 
in timothy. Stems produced above ground are runners or stolons, 
according to a commonly accepted definition of these terms. However, 
the examples given in connection with the published definitions are by 
no means typical of the phenomenon that occurs in timothy. As for 
the underground rooting stems, those of the first type discussed in this 
paper are not essentially different from those found for example in 
Kentucky bltiegrass and red fescue, except that they do not develop 
normally but are induced by unusual conditions. These stems are 
formed by the elongation of one or more of the lower intemodes of the 
shoots which normally remain unelongated. The elongation of the inter¬ 
nodes is for the purpose of placing the new shoots in a more favorable 
place for growth and development. This might be said to be the func¬ 
tion of all underground stems, except possibly tubers, corms, and the 
like. But true rhizomes, by which are meant underground stems that 
root at the nodes and produce stems or leaves progressively, have in 
addition to this another definite function, that of reproduction. It would 
appear desirable, therefore, to designate by some specific name the under¬ 
ground rooting stems of timothy and other grasses that develop by the 
elongation of the basal intemodes only under unusual conditions and 
for the purpose of placing the new shoot in a more advantageous location. 
Mr. C. V. Piper has suggested for such an organ the name “topothete/’ 
a Greek word from topos, a place or location, and thetu, meaning to 
place. It is evident from a study of the various terms applied to rooting 
stems and the definitions of these terms that those who formulated them 
did not appreciate sufficiently the fact that there are at least four distinct 
types of rooting stems produced by grasses and other plants, two kinds 
above ground and two kinds underground. Since the existing terms do 
not meet the needs of the case, the following names are proposed with 
the hope that they will be given favorable consideration. 

Determinate rhizome. —kn underground stem which is disposed to 
root at the nodes and from which a single aerial shoot or tuft of shoots 
is produced; example, Kentucky bluegrass {Poa pratensis L.)* 

.Indeterminate rhizome. — kn. underground stem, thickened or other¬ 
wise, which roots at the nodes and produces aerial shoots progressively; 
example, quack grass {Agropyron repens E.). 

Determinate stoeon. —^An above-ground stem which roots at the 
nodes but does not produce aerial shoots progressively. Under this is 
included lax culms that have come in contact with'the soil and have 
rooted at the nodes; examples, Paspalum dilataium L. and crab grass 
{Syntherisma sanguinalis L.). " This type of rooting stem is common in 
red top (Agrostis alba L.) and other species of Agrostis. These grasses, 
however, also have indeterminate stolons. 
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iNDBTBRMiNAtE STOLON.—^An above-ground stem which roots at the 
nodes and from which shoots are produced progressively; exampleSj 
Bermuda grass {Cynodon dactyloyi L.) and Rhodes grass {Chloris gay- 
ay na L.). 

It is quite probable that special terms may be needed where it appears 
desirable to make finer distinctions than are indicated above. However, 
it is thought that all of the rooting stems, especially those produced by 
grasses, can logically be designated by the general terms herein proposed. 
It is deemed advisable to discontinue the use of the term “rootstock/^ 
since this term is misleading and has been used by horticulturists in the 
sense of propagating stock. There appears to be no serious objections 
to the use of the w^ord '*'runner’' as a synonym of stolon, although it has 
been used in a more specific sense, as in the case of the strawberry. 

SUMMARY 

The references in literature to rooting stems in timothy fail to give a 
description of their nature or functions. 

Investigations disclose two quite distinct types of underground rooting 
stems. 

One type develops when the shoot that produces the new plant is 
covered with soil early in its growth. Some of the unelongated inter- 
nodes connecting the shoot with the parent plant elongate, thereb}^ push- 
ing the shoot to the surface of the soil. Roots grow from the nodes 
between the elongated intemodes. 

A second type of underground rooting stem is produced when timothy 
plants with growing culms are covered with soil Buds that sometimes 
form on the culms of these plants frequently develop into shoots and 
ultimately into independent plants. The culms then become under¬ 
ground rooting stems. 

Many, if not most, of the scattering timothy plants that appear in a 
field where a timothy sod has been plowed under are produced vege- 
tatively from buried stubbles or culms. 

Above-ground rooting stems in timothy are not common in this country. 
Some botanists have regarded them as a varietal cliaracteristic. It is 
very doubtful if they should be so regarded. Apparently they are 
formed most commonly when weak or decumbent stems come in contact 
with the soil 

Determinate and indeterminate rhizomes and determinate and inde¬ 
terminate stolons are terms suggested to cover in a general way the 
types of rooting stems that are found especially in grasses. 




PtATB 39 

A -—A yotmg timdtliy plant produced from a bud on a matured culm plowed under. 
It was pushed to the surface by a rooting stem formed by the elongation of two of 
its basal internodes. 

B.—rooting stem d induced by covering the parent plant a with soil to the 
point X. 









PLATH 40 

A. —^Timotliy plants arising from a true culm that was plowed under, 
roots at tlie node a. 

B. —A decumbent culm of timothy functioning as a stolen (after Witte), 


Note the 




COLLAR-ROT OF TOMATO 

By F. J. Pritchard, Physiologist, and W. S. PorTj^, Scientific Assistant, Cotton^ 

Truck, and Forage Crop Disease Investigatiom, Bureau of Plant Industry, United 

States Department of Agriculture 

INTRODUCTION 

A new disease of tomato seedlings, which takes the form of a rotting 
and girdling of the stems at the surface of the soil, has for the past three 
years caused heavy loss in Maryland, New Jersey, and Delaware. 

This is chiefly a seed-bed disease. Young, tender plants infected in 
the seed bed carry the disease to the held. Although held infections may 
occur also they do not appear to be common. Moreover, the hardened 
condition of the plants and the relative freedom of the field from the 
causal parasites make the opportunities for infection less favorable than 
in the seed bed. 

The most prominent symptom of the disease is the dark brown lesions 
on the stem at the surface of the ground (PI. 41, A, a, a) which often 
encircle the stems, forming a collar. These lesions also occur on other 
parts of the stem (PI. 41, A, h) but not so frequently as at the soil Iine« 
They enlarge and make the affected parts w^eak and brittle. There is 
very little infection of the roots. 

Diseased plants set in the field are commonly snapped off by the wind 
at the point of infection. Some recover by forming a callus over the 
wound, and others outgrow it by forming new roots above the diseased 
area. Plants which recover are seldom as productive, howwer, as those 
wdiich haA^e always been healthy. The estimated loss of the crop from 
this disease in Delaware in 1919 was 30 per cent. 

Rosenbaum ^ attributes the disease to Macrosporium solani, and Cook ^ 
to Rhizoctonia. The writers have isolated from collar-rot material a 
Verticillium that also readily infects tomato seedlings and causes the 
typical s3unptoms of the disease. 

The present paper contains the results of inoculation experiments 
made with this species of verticillium and also with Macrosporium solani 
and Rhizoctonia solani. 


EXPERIMENTAL wore: 

MATERIAL AND METHODS 

The Verticillium used in these experiments was isolated from young 
tomato plants infected by collar-rot in seedbeds in Maryland, The 


1 Ros:eNBAUM, Joseph, a stbm disease of tomato caused by macrospomum solani e. & M. 
(Abstract.) In Phytopathology, v. lo, no. i, p. S9. 

2 Cook, Mel. T. the alternari.\ fruit rot and rhizoctonia stem rot of tomatoes. (Abstract.) 
In Phytopathology, v. lo, no i, p 59. 1920. 
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culture of Macrosporium solani was obtained from L. 0. Kunkel and that 
of Rhizoctonm solani from M. Shapovalov. Three strains of R. solani 
were used in the inoculation of 400 plants, but as all three showed about 
the same degree of infectiousness only one was used in later experiments. 

Most of the tomato plants used were 2 to 3 inches high, but some were 
5 to 6 inches, and a few 10 to 12 inches in height. All were in good 
growing condition. 

The inoculations were made by placing mycelium from a fresh culture 
against the stem, at or slightly below the sutface of the soil. From cul¬ 
tures of Verticillium both mycelium and spores were used. Usually 
the epidermis was not injured before applying the inoculum, but in a few 
experiments it was lightly scratched. To keep the fungus moist until it 
had time to infect the stems, the soil was thoroughly watered before the 
plants were inoculated. By placing the fungus between the stem and 
this moist soil it was kept -wet. Usually the plants were left standing in 
the greenhouse after inoculation, but in a few experiments they were 
kept in a moist chamber 48 hours. 

Repeated inoculation experiments were made with Verticillium, sev¬ 
eral hundred plants being inoculated and as many more used as controls. 

results of inoculation with verticillium 

Young tender seedlings, such as grow in a seed bed, were very easily 
infected by this fungus (PI. 42, A). Plants that had grown slowly and 
were somewhat woody were less susceptible and not infrequently re¬ 
covered from the disease. Larger plants 10 to 12 inches high were 
scarcely susceptible. Infection was obtained on more than 80 per cent 
of the inoculated plants i to 6 inches high, while only an occasional 
infection, 1 or 2 per cent, occurred on the control plants. The latter 
was due to the presence of a small amount of the fungus in the green¬ 
house soil. 

Nearly all these infections were obtained without previously injuring 
the epidermis- In fact, puncturing the epidermis sjeemed to make little 
difference, as the fungus was able to penetrate the tissues very easily 
in either case. 

description of fungus 
Verticiilium lycopersici, n. sp. 

Dense colonies (PI. 4I; B), at first white and later bluish green, are formed by this 
fungus on most culture media. The conidiophores are distinctly septate at the base 
(PL 43, D), 70 to 350 M (occasionally 700 m or more) in length, verticillately branched. 
The primary whorls average 5 to 7 in number; the secondary whorls of each branch 
average i to 3. The sterigmata are hyaline, somewhat bottle-shaped (PL 43, B, C), 
and 7*5 to 11.5 ju by 3.5 to 4 ju in size. The conidia (PL 43, C, E, F), are globoid to 
ellipsoid, the globoid being 3.8 to 4.7 m in diameter, the ellipsoid 3.8 to 4.7 pt by 4 to 5.8 
pi in transverse and longitudinal dimensions., They are bluish green on most culture 
media but yellowish on potato agar. From tips of the sterigmata they are cut of! 
singly but frequently adhere in heads of the so-called Acrostalagmus type. 
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COMPARATIVE INFECTIOUSNESS OF VBRTICILLIUM EYCOPERSICI, MACRO- 
SPORIUM SOEANI, AND RHIZOCTONIA SOEANI 

Experiments were made to determine the relative infectiotisness of 
these fungi and the difference in type of lesion they produce. Small 
plants were inoculated as previously described b}" placing mycelium or 
mycelium and spores from a fresh culture against the stem at or a little 
below the soil line. 

Table I gives the number and percentage of infections obtained within 
two to three weeks after the inoculations were made. 


TabuE I .—Results of inoculatiiig tomato seedlings 'with collar-rot fufigi when plants were 
not placed in a moist chamber 


Fimgus. 

Epidermis lightly scratched be- | 
fore iuoculation. 

Epidermis not injured before 
inoculation. 

Number 
of plants 
inocu¬ 
lated. 

Number 
of plants 
infected. 

Percent¬ 
age of 
plants 
imected. 

Number 
of plants 
inocu¬ 
lated. 

Number 
of plants 
infected. 

Percent¬ 
age of 
plants 
infected. 

Verticillium lycopersici . 

180 

57 

92 

180 

57 

47 

100 

100 

51 

1 466 

380 
466 
^^86 

372 

319 

72 

I 

80 

84 

15 

1 

^o.orosporium solani . 

Rhizoctonia solani . 

Control. 






« Number of plants used but not inoculated. 


As shown by the table, Verticillium lycopersici and Macrosporium 
solani produced a high percentage of infections even when applied to an 
uninjured epidermis. Rhizoctonia solani^ on the other hand, produced a 
much smaller percentage of infections, especially when the epidermis 
was not injured in the process of inoculation. 

In order to detennine whether Rhizoctonia solani would have pro¬ 
duced a higher percentage of infections under more humid conditions 
another set of inoculation experiments was made in which the plants 
were kept in a moist chamber 48 hours after inoculation. The results 
are shown in Table IL 


Tablbv II .—Results of inoculating tomato seedlings with collar-rot fungi when plants 
were kepi in a moist chamber 48 hours after inoculation 


Fungus, 

Epidermis lightly scratched 
before inoculation. 

Epidermis not injured before 
inoculation. 

Nrmiber 
of plants 
inocu¬ 
lated. 

Number 
of plants 
infected. 

Percent¬ 
age of 
! plants 
infected. 

Number 
of plants 
inocu¬ 
lated. 

Number 
of plants 
i infected. 

Percent¬ 
age of 
plants 
infected. 

Verticillium lycopersici. .. 

6 

6 

100 

21 

19 

90 

Macrosporium solani ... 




27 

23 

85 

Rhizoctonia solani . 

18 

18 

100 

33 

4 

12 

Control... 




«iS 

2 

13 








Number of plants used but not inocuiated. 

36731®—2i—§ 
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The percentage of infections by Rhizoctonia solani was higher on the 
scratched series than in the previous experiments but no higher in the 
unscratched series. R, solani seems to require high humidity and a 
punctured epidermis to cause much infection and is, therefore, a weaker 
and more limited parasite on tomato than either Verticillium lycopersici 
or Macrosporium solani. Moreover, the infections caused by it were 
more superficial and usually disappeared as the plants became older. 

The infected areas produced by Macrosporium solani were usually a 
little darker in color than those made by Verticillium lycopersici or 
Rhizoctonia solani, especially on the older seedlings. 

In order to determine whether the relative infectiousness of these 
fungi is the same in soil as when applied to the stems, sterilized soil was 
mixed with each culture, and in this were planted tomato seeds that had 
been treated with a solution of bichlorid of mercury i to i ,000 to destroy 
adhering parasites and had been washed in distilled water. The results 
obtained three weeks after this experiment was started are summarized 
in Table III. 


Table? III .—Comparative infectiousness of collar-rot fungi in tomato seed bed 


Fungus. 

Number of 
plants 
grown. 

Number of 
plants af¬ 
fected by 
collar-rot. 

Percentage 
of plants 
affected by 
collar-rot. 

Verticillmm lycopersici .i 

567 

362 

64 

Macrosporium solani . 

420 

307 

73 

Rhizocionia solani ..1 

7 S 5 

20 

3 

Control. 

282 

0 

0 


The results show that Verticillium lycopersici and Macrosporium 
solani produced nearly as high percentages of collar-rot infections as in 
the previous experiments in which the mycelium was placed directly 
in contact with the stem. Moreover, there was no distinguishable 
difference in the color or other appearance of the lesions produced by 
these tivo fungi. On the contrary, Rhizoctonia solani produced very 
few infections. In fact, .under the conditions of this exf^eriment it was 
not a very active parasite. 

The minimum growth temperatures obtained with cultures of these 
fungi 'were 1.5° C. for Macrosporium solani, 12^ for Verticillium lyco¬ 
persici, and 15*^ for Rhizoctonia solani. In cold seed beds Macrosporium 
solani would, therefore, begin to grow before either of the other fungi 
but would have little advantage over them, as tomato seed will not 
usually germinate until it reaches a temperature of 14° or 15°. More¬ 
over, Macrosporium solani and Rhizoctonia solani grow and spread 
slowly while yertioillium lycopersici grows rapidly and spreads readily 
by means of innumerable' spores. In seed bed or field it would there¬ 
fore probably spread much faster either of the other fungi. 
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CROSS INOCUI.ATION 

As the potato, which is sometimes grown in rotation with the tomato, 
and the horse nettle Solanum carolimnse L., which is a common weed in 
the Middle Atlantic States, are closely related to the tomato, inocula¬ 
tions of these plants were made with collar-rot fungi. Young shoots 
were inoculated at the base of the stem with mycelium from a fresh 
culture, as described in previous experiments. The results are given in 
Table IV. 

TABrn IV .—Effect of inoculating potato and horse nettle with collar-roffungi 


Fungus. 


Host. 


Number of 
shoots in¬ 
oculated. 


Macwsporiunt solani .. 
VeriicilUunt lycopersici 

Rhisoctonia solani . 

Control... 

Macrospofium solani . . 
Veriicillium lycopersici . 

Rhizoctonia solani . 

Control. 


Potato. 

_do. 

_do. 

-do. 

Horse nettle. 

_do. 

....do. 

_do. 


43 

47 

41 

45 

50 

50 

50 

50 


Number of 
shoots in¬ 
fected. 

Percentage 
of shoots 
infected. 

3S 

88 

2$ 

S 3 

I 

2 

0 

0 

48 

96 

■ 34 

68 

5 

10 

0 

0 


The percentage of infections produced on potatoes was higher for 
Macfospormm solani than for Veriicillium lycopersici. Moreover, the 
lesions caused by M. solani were very prominent (PI. 42, B), while those 
caused by V. lycopersici (PI. 44, A) were smaller and more superficial. 
Only one potato shoot inoculated with Rhizoctonia solani was infected. 
As shown by Edson and Shapovalov,^ strains of R, solani differ markedly 
in their power of infecting potato plants. Although we used on potato 
the strain that seemed to give the best results on tomato, it was evidently 
not a strong potato parasite. 

Since all the potato control plants (PI. 44, B) w’-ere healthy, the com¬ 
parative results obtained with these three fungi are probably reliable. 

The results on horse nettle are also of importance, since they show 
that all three parasites are able to infect this plant. Macrosporium 
solani and Verticillmm lycopersici (PI. 45) produced numerous, well- 
marked lesions. Rhizoctonia solani produced only a few, but they 
suffice to show that it can infect this host. 

As the source of this disease is at present chiefly in the seed bed, it 
can be largely controlled by sterilizing the seed-bed soil. If allowed to 
go unchecked it may ultimately accumulate in fields in which conditions 
are favorable for its development. Since its vspread will be facilitated 
by susceptible hosts, both the potato and horse nettle should be kept out 
of prospective tomato fields in collar-rot infested areas. 

^ Hbson, H. a., and Shapovai.ov, M. potato-stem lesions. In Jour. Agr. Research, v. 14, no, p. 
pL 34-26. 3:918.. 
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SUMMARY 

Collar-rot of tomatoes has been prevalent in Maryland, New Jersey, 
and Delaware during the three_seasons 1917, 1918, and 1919, destroying 
many seedlings in the seed bed and newly set plants in the fields. 

The girdling of the stem at the surface of the ground characteristic 
of the disease may be produced by three fungi, Veriicillmm lycopersich 
Macrosporwm solani^ and Rhizoctonia solani. 

In inoculation experiments with these fungi, made either by applying 
fresh cultures to uninjured stems or by mixing them with the potted soil, 
Verticillium lycopersici and Macrosporium solani infected tomato seed¬ 
lings about equally well, causing typical lesions on 65 to 100 per cent of 
the plants used, while Rhizoctonia produced a very few infections of a 
superficial nature. 

On stems of potato and horse nettle all three fungi produced typical 
collar-rot lesions, but the percentage of infections was much higher for 
Verticillium ly coper sici and Macrosporium solani than for Rhizoctonia 
solani 




PLATE 41 


A. —^Tomato seedlings several weeks old affected by collar-rot. Natural infection, 
a, c, Infection near surface of soil; 6, infection near tip of stem. 

B. —Typical young colony of Veriicillium lycopersici on bean agar. 
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PLATE 42 


A. —Yotmg tomato seedlings 16 days after inoculation with Verticillmm lycoperski* 
Epidermis not injured by process of inoculation. 

B. —Potato stems infected by Macrosporium solani. Inoculated with pure culture 
without injuring epidermis. Photographed 23 days after inoculation. 



PLATE 43 

Stages in deyelopsnent of Veriicillium lycopersici: 

A. —Outer end of conidiopiiore, showing characteristic branching and aggregation 
of conidia. 

B. —End of conidiophore more highly magnified than in A. 

C. —Sterigmata with conidia forming singly at the tips and adhering in heads. 

B.—Characteristic septation in lower whorls of conidiophores. 

E. —Conidia as seen in air or in water xnoimt. In plate cultures they are found in 
both separated and aggregated conditions. 

F, —Germinating conidia. 

All drawings except A were made on a level with the table with camera lucida and 
Zeiss apocliromatic 4-mm. objective and compensating ocular 6 and were reduced 
one-third. 
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PLATE 44 


A. —Potato stems infected by Verticillium lycopersici. Inoculated witli pure culture 
without injuring epidermis. Photographed 23 days after inoculation. 

B. —Healthy potato stems used as controls with inoculated stems shown in Plates 
42, B, and 44^ A. Photographed 23 days after beginning of experiment. 



PLATE 45 

Horse nettle '{Solamim carolmeme) stems infected by tlie following fimgi: R, 
RMzocioma solani; Y, Verticilliwm lycopersici; M, Macrospormm solant; C, not 
inoctilated (control plants). 

Inoculated witli pure cultures without injuring epidermis. Photographed 19 days 
after inoculation. 









BACTERIAI. LEAFSPOT DISEASE OF CELERY 

By Ivan C. Jagger 

Pathologist, Office of Cotton, Truck, and Forage Crop Disease Investigations, Bureau 
of Plant Industry, United States Department of Agriculture 

Since 1910 an undescribed bacterial leaf spot disease of celery has been 
under observation. A short paper ^ was read at the 1914 meeting of 
the American Phytopathological Society. The disease has been widely 
distributed in western and central New York State each season, occur¬ 
ring on all varieties of celery commonly grown, including various strains 
of Golden Self-Blanching and numerous varieties and strains of “green” 
celery. Dr. C. H. Coons ^ states that it has been of common occurrence 
in Michigan during the past few seasons. 

The spots are of a rusty brown color, irregularly circular in outline, and 
rarely exceed 5 mm. in diameter (PL 46, 47), They closely resemble 
the Septoria leafblight spots and can be distinguished with certainty 
only by the absence of pycnidia> which show as black dots in the Septoria 
spots. Occasionally the spots are so numerous as to cause the death of 
many of the older leaves, but usually the injury consists in the disfiguring 
of the foliage and in a possible reduction in growth of the plants. The 
disease seems to be confined to the leaf blades, spots seldom, if ever, 
occurring on the petioles. 

Bacteria have been repeatedly isolated and the characteristic spots 
reproduced by inoculation with pure cultures. In tlie greenhouse 
during the winter season the organism, sprayed on uninjured leaves, has 
repeatedly failed to give infection although inoculations through needle 
punctures have invariably resulted in characteristic leafspots. Similar 
inoculations by spraying the organism from pure cultures on uninjured 
leaves have resulted in abundant infection during the summer season 
under field conditions. 

The causal organism is a short rod, measuring when stained from 
3-day agar slants 0.44 to 0,87 /x by 0.87 to 1.74 /i. It has one to several, 
usually one to three, polar flagella. 

In the study of the cultural features the methods given by Smith^ 
were followed as far as possible. All observations were made on cultures 
held at 20^ C. Growth on standard nutrient agar is rather rapid, colo¬ 
nies being evident in dilution plates in 48 hours or less; at the end of 3 
days surface colonies are 2 to 5 mm. in diameter, grayish white, translucent, 

^ jAGGgR, Ivan C. A BACTSRiAi SPOT Disi^ASE oP cBi^aRY. (Abstract.) In PJiytopatl2oto8:y. v. 
4. no. 6, p. 39S, 1914. 

® Coons, G. and 3 SrBi,soN, Ray. th® pIjAnt diseases op importance in the transportation of 
FRX jiTS AND VEGETABLES. Circ. 473-A, Amer. Railvs-ay Perisbable Erdght Assoc., p. 33. fig. 51, 1:91:8. 

® Smith, Edis'm F, bacteria in relation to plant diseases. 3 vol, Wasbington, D. C. 1905-1914. 
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shiny, drciilar, edges entire, flat to slightly raised; buried"colonies are 
0.2 to 0.5 mm. in diameter, spherical to lens-shaped, white opaque. 
Gro\^dli on agar streaks is similar, cultures several days old usually show¬ 
ing a granular structure and greenish discoloration of the medium. 
Agar stabs show only slight clouding along the puncture with abundant 
suiface growth. Gdatin is liquefied, usually rapidly, various strains 
of the organsim, however, showing marked variation in rate of lique¬ 
faction. In nutrient broth there is strong turbid clouding, no surface 
growth, and more or less ropy viscid sediment in lo-day and older cul¬ 
tures, Litmus milk becomes more alkaline, and the casein is usually 
peptonized without the formation of curd. Fermentation tubes con¬ 
taining tap water, to which has been added 2 per cent peptone and 0.5 
per cent sodium chlorid plus i per cent, respectively, of lactose, dex¬ 
trose, saccharose, and glycerin, show no growth in the closed arm and 
no gas formation. Growth in the open arm is abundant, and litmus 
paper shows marked production of acid from glucose, less marked pro¬ 
duction of acid from saccharose, and alkali production from lactose and 
glycerin. Nitrates are not reduced. There is no growth in Cohn's 
and Uschinsky's solutions. Growth on cooked potato plugs is abundant 
and grayish to yellowish white with no indications of diastatic action 
on the starch. 

The group number of the organism is 211.2322033, following the third 
descriptive card of the Society of x4.merican Bacteriologists./ adopted in 
1907, In the classification recently proposed by the society ^ the organ¬ 
ism belongs to the genus Pseudomonas, which is also in accord with the 
system of Migula. In Smith's ^ system it falls in the genus Bacterium* 
Pseudomonas apii, n. sp. 

A short rod, 0.44 to o.Sypi by 0.87 to 1.74^, one to several polar flagella; colonies on 
nutrient agar grayish white, shiny, circular, edges entire, flat to slightly raised, gran¬ 
ular with age; gelatin liquefied, litmus milk becomes more alkaline, casein peptonized 
without formation of curd; acid formed from glucose and saccharose, alkali from 
lactose and glycerin, no gas; no gro^vth in closed arm of fermentation tubes; nitrates 
not reduced; no diastatic action; no growth in Cohn’s and IJschinsky’s solutions. 
Group number 211.2322033. 

Parasitic in leaves of celeiy^ (Apium graveoletis L.); distribution, New York, Mich¬ 
igan. 

Potebnia ^ has described a leafspot of cultivated parsley in Russia 
caused by Bacillus petroselina. The close relationship of parsley and 

Soa^TT OP Aherican BAcrpRioroGisTS. DESCRIPTIVE CHART. Prepared by comraittee'on metbods 
^ Mmtificatiosi of bacteria! sp^ies. Endorsed by the Society for general use at the annual meeting, Dec 
31 . 1907. 

* WmsLOW, E. A., et al. the ramujbs and genera op the bacteria. Final report of the com¬ 
mittee'of the Society of American bacteriologists on characterization and classification of bacterial typw. 
In Jmr.Bact^v. s, no. 3, p. 191-339, 1930. References, p. 226-229- ' 

*SMns. Erwin F. op. cit. 

* Potebnia, A. A. , gsibnye PABAsiTy vysshikh rastenhrharkovsk, i smerthnykh oubern, (pun- 
>00us' parasitbs op the higher pdants xn KHARKOV AND 'ADJACENT PROVINCES. Kharkov Obi. 'Selskokh* 
Opyt, Eta., No. i,Eist. r/S. p, 1-120, ifius,' 19x5,. 'Review' by Michael Shapovalov m Phytopathology, v. 6, 
no, 3, p. 293-295. 1916. '' 
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celery suggests the possibility that the celery disease is caused by the 
same organism. A limited number of inoculations with the celery organ¬ 
ism have failed to give infection on parsley. Potebnia states that his 
organism does not liquefy gelatin, whereas the celery organism invariably 
causes liquefaction. 

During the seasons 1915-1917 spraying, as a means of controlling the 
disease, was tested at Irondequoit, N. Y. All applications were made 
with a hand spraj^er, maintaining a pressure of 25 to 50 pounds. Care 
was taken to cover the leaves thoroughly with the spray material. Several 
rows were sprayed with standard 5-5-50 Bordeaux mixture each season. 
During the last two seasons comparable rows were sprayed with com¬ 
mercial lime-sulphur solution, testing 32*^ Beaume, which was diluted 
I part to 25 parts of water. The first application was made soon after 
the plants were transplanted from the seed bed to the field and was 
repeated at intervals of one to two weeks until a few weeks before harvest. 
In 1915, applications were made on August 9, 21, September i, 10 and 
22; in 1916, on August 12, 19, 28, September 6, 16, 26, and October 6; 
and in 1917 there were a similar number of applications. 

Each season data were taken in October, a few days before harvest. 
The number of bacterial leafspots were counted on representative plants 
occupying opposite positions in adjacent sprayed and unsprayed rows. 
A part of the data is given in Table I, Sets of figures separated by 
horizontal spaces are for opposite and comparable plants. The number 
of spots on each leaf is given separately, the leaves being numbered con* 
secutively from the oldest to the youngest fully expanded leaf. 

In 1917 Dr. H. W. Dye of the Cornell Agricultural College made three 
applications of standard 5-5-50 Bordeaux mixture at intervals of about 
nine days at Williamson, N. Y., to celery which already showed the 
bacterial leafspot disease. A few days after the last application the num. 
her of bacterial leaf spots was counted on 10 sprayed plants and 35 com¬ 
parable unsprayed plants. The average number of spots per plant was 
for the sprayed 214 and for the unsprayed 997. 

The data presented seem to show conclusively that the disease is very 
satisfactorily controlled by spraying with Bordeaux mixture but is not 
controlled with lime-sulphur solution. General appearances of the 
sprayed and unsprayed rows in the field led in every case to the same 
conclusion. 
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Tabi^E L— Number of bacterial leaf spots on the leaves of sprayed and unsprayed celery 

plants 


Treatment (spray 
material applied). 

Number of spots on individual leaves, numbered from oldest to 
youngest— 

Total 

num¬ 

ber 

leaf 

spots 

ou 

plant. 

Year. 

I 

2 

3 

4 

5 

6 

2 

8 

9 

ro 

11 

12 

Control. 

q 8 

QA 

94 

74 

62 


ex 

ID 








Bordeaux. 

2 


■2 










6 


Control. 

195 

77 

1*7 

16 










>1915 

i 

Control. 

425 

82 


60 









o 47 


Bordeaux. 

64 

18 

I 

c 


0 

0 






747 

88 


Control. 

47 S 

250 

73 

0 

93 

32 

38 

0 

0 

0 

0 

0 


961 


Control. 

147 

II7 

48 

32 

2 ^ 


4 






^86 


Bordeaux. 

6 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 


II 

[1915 

Control. 

233 

143 

65 

xoo 


64 

0 








Control. 

6S 

41 

23 

46 

16 

4 

0 

0 

0 

0 

0 

579 

263 

J 

Lime-sulpliur,.. 

56 

54 

56 

38 

18 : 

IX 

13 

0 

0 

0 

0 


246 


Control. 

Bordeaux. 

SS 

0 

62 

0 

3 ^ 

0 

35 

0 

13 

2 

0 

0 

0 

0 
f 0 

0 


202 

>1916 

Control. 

83 

^3 

27 

64 

12 

6 

15 

0 

0 

0 

0 

0 

0 


0 

220 


Lime-sulphur,, 

33 

70 

1 72 

82 

' 77 

39 

32 

3 

0 

0 

0 

0 

408 


Control.' 

Bordeaux. 

29 

I i 

21 

5 

44 

0 

81 

0 

66 

0 

42 

0 

15 

0 

16 

0 

0 

0 

0 

0 

0 

0 

0 

314 

6 

-1916 

Lime-sulphur... 

90 ^ 

96 

1 5 ^ 

48 

IS 

20 

56 

4 

4 

0 

0 

0 

384 

] 

Control. 

Bordeaux. 

86 

X 

100 

0 

1^45 

1 0 

95 i 

°i 

150 

I 2 

1 

96 

0 

66 

0 

i 

29 

0 

16 

0 

10 

! 

0 

0 

0 

0 

793 

3 . 

[1917 


SUMMARY ' 

^Pseudomonas api% n. sp., is the cause of a leafspot disease of celery in 
New York and Michigan. The disease is controlled by spraying with 
Bordeaux mixture. 





































PLATE 46 


Bacterial leafspots oa leaf of Golden Self-Blanching variety of celery. 



Journal of Agricultural Research 


Vol. XXI, No. 










PLATE 47 

Bacterial leafspots on leaflet of Golden Self-Blanching variety of celery. Approxi¬ 
mately X 
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GIvUCOSE AS A SOURCE OF CARBON FOR CERTAIN 
SWEET POTATO STORAGE-ROT FUNGI 

By J. Iv* WE'imer, Assistant Pathologist^ and L. B. Hartbr, Pathologist, Cotton, 
Truck, and Forage Crop Disease Investigations, Bureau of Pla?ii hidustry, United 
States Department of Agriculture 

INTRODUCTION 

The fact that fungi do not have the power to manufacture their own 
carbohydrates has long been known, and it has been demonstrated 
many times that carbon in certain chemical combinations is more avail¬ 
able than in others. Some microorganisms can utilize cane sugar, 
while others can use only the invert sugars, and still others thrive upon 
organic acids, weak alcohols, and other organic compounds. Both cane 
sugar and invert sugars are commonly present in the sweet potato, and 
hence it is these two forms of carbon which should receive attention in 
the study of this phase of this problem. 

Butkewitsch {3) ^ showed that Rhizoptis nigricans Ehrb. could not 
utilize cane sugar as such, and, further, that this organism produced no 
invertase. On the contrary, Pringsheim and Zemplen (26) found that 
although R. tonkinensis VuilL, Mucor javankus Wehm., Penicillium 
purpurogefium Fleroff., P. africamim Doeb., and P. brevicatde Sacc., 
could not use cane sugar directly, they did possess the power to invert 
it. Ritter (28) worked with several of the same forms and demon¬ 
strated that some of the organisms ■were able to invert cane sugar while 
others were not. He showed further that when ammonium nitrate or 
ammonium sulphate were employed as a source of nitrogen, nitric acid 
or sulphuric acid was formed, which probably inverted some of the cane 
sugar, thus making it available as a source of carbon for the fungi. 

The investigations of Hasselbring and Hawkins (15) showed that the 
cane sugar, and to some extent the glucose content of the sweet potato 
in storage, increased with a decrease in starch from the time of digging 
in October until March or April, when there was a reverse of the process. 

They pointed out, also, that the amount of glucose in the sweet potato 
is always small as compared with that of the cane sugar. It is believed 
by many that the susceptibility of the sweet potato to decay likewise 
increases as the season progresses. This might seem to imply that 
there is some correlation between the sugar content of the potato and 

1 Reference is made by number (italic) to "literature cited/' p. 208-210, 


(189) 


Journal of Agricultural Research, 
Washington, D. C. 
xt 


Voi. XXI, No. 4 
May 16, 1921 
Key No. G-aap 



190 


Jotmial of Agricultural Research 


Vol. XXI, No, 4 


its susceptibility to disease. At the time these investigations were 
initiated by the writers there were little available data regarding the 
siiga,r requirements of the particular fungi responsible for the decay of 
sweet potatoes in storage. Since glucose is probably the most readily 
available carboh3:'drate in the sweet potato for a majority of the fungi 
to be studied, experiments were designed to. determine to what extent 
this sugar is utilized as a source of carbon by the following organisms: 
Ftisarkmi acmninatmn E. and E. emend. Wollenw., Diplodia iubericola 
(E. and E.) Taub., Rhizopus iriiici Saito, Mucor racemosus Fes., Sclero- 
Hum hatatkola Taub., Penicillium sp., Boirytis cimrea Pers., and Spha- 
rone.nia fimbriafum (E- and H.) Sacc. 

EXPERIMENTAL METHODS 
CULTURE MEDIA 

Many different synthetic culture media have been used by investi¬ 
gators while studying the physiology of fungi. When the present inves¬ 
tigations were begun, Czapek's nutrient solution, together vdth several 
others, were tested, but none proved entirely satisfactory. In trial 
experiments with Rhizopus tritici it was found that when ammonium 
nitrate was substituted for sodium nitrate and glucose for cane sugar in 
Czapek’s solution a vigorous grovd:h resulted. Other storage-rot fungi 
responded similarly. Hence, i.6 gm. of ammonium nitrate were used 
Instead of the 2 gm. of sodium nitrate required per 1,000 cc. in Czapek^s 
solution. The solution as finally employed ^vas prepared as follows: 


Magnesium sulphate (MgS04). 0.5 gm. 

Potassium phosphate (K2HPO4). i.o gm. 

Potassium chlorid (KCl).5 gm. 

Ferric sulphate (FeSO^).01 gm. 

Ammonium nitrate (NH4NO3) . 1.6 gm. 

Distilled water. 1,000 cc. 


Only C. P chemicals were used in preparing this solution. 

That fungi differ in their requirements as to the source of nitrogen, as 
well as carbon, has been suggested b}" the results of many investigators. 
Laurent (20) found that Alternaria tenuis Nees, Mucor racemosus Fres, 
and Aspergiihis glatwus Link, grew well on solutions containing nitrates, 
Aspergillus niger v. Tieg., on the other hand, although it can utilize nitrates 
as a source of nitrogen, thrives better on ammonia. It is claimed by some 
investigators that a combination of peptone and glucose gives the best 
results with most fungi. W^ent (jj) found that this combination was 
preferable to all others for Monilia. Czapek (5), on the other hand, 
'showed that the amino-acids in association with glucose are preferable 
to peptone for Aspergillus, and Fischer { 8 ) found that Bacillus coli 
Esch,'B. subiilis (Ehren) Cohn, and B. pyocyanus Gess, could use nitrate 
in association with glucose, but if glycerin was substituted for the glucose 
the latter organism alone thrived. Dox (d) found that species of Asper- 
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gilltis and Penicillium grew well on Czapek's nutrient solution, which 
contains its jiitrogen and carbon in the form of sodium nitrate and cane 
sugar, respectively. Young (ja) on the other hand^ used ammonium 
nitrate as a source of nitrogen and cane sugar as a source of carbon for 
Aspergillus niger to good advantage. 

The results of various workers seem to indicate that no generalizations 
can be made as to the best source of nitrogen and carbon for fungi. 
They rather point to the fact that the various fungi differ in their require¬ 
ments and that the best source of both these elements must be ascertained 
for each organism. 

It is not claimed that the culture medium used for these investigations 
is the best for all the fungi studied. It is likely that a better medium 
might be found for each of the organisms. The nature of the w’-ork, 
however, required that the same substrate be used for all the fungi, and 
the modification of Czapek's nutrient solution as here employed seemed to 
meet the requirements better than any other solution tried. Only one 
organism (Sphaeronema fimbriatum) failed to thrive well upon it. 

PREPARATION OF CULTURES 

A sufficient quantity of medium was prepared at one time for an entire 
experiment, thus insuring an equitable distribution of the salts. The 
solution was steamed for 20 minutes in an Arnold sterilizer and then fil¬ 
tered to‘ remove a slight precipitate which formed during the heating. 
A definite quantity by weight of this solution w^as then placed into each 
of seven large beakem, and the required amount of Baker’s C. P. dextrose 
was added to all but one to make approximately the following strengths 
of the carbohydrate: 00, 10, 20, 30, 40, 50, and 60 per cent. The solu¬ 
tions w^ere then steamed in the beakers for 20 minutes and again filtered. 
One hundred fifty cc. of each solution were added to four 300-cc. Erlen- 
meyer flasks previously stoppered with cotton and w^eighed, thus making 
7 sets of 4 flasks each containing an approximately equal amount' of 
solution with six different strengths of dextrose and one without sugar. 
These flasks were reweighed and sterilized by steaming for 20 minutes 
on three consecutive days. 

INOCULATION OF CULTURES 

Three flasks of each set w^'ere inoculated with a loop of a heavy spore 
suspension in sterile distilled water or writh mycelium from young and 
vigorous cultures growing either on Irish potato cylinders or stems of 
Melilotus alba Desr. The fourth flask in each set not inoculated was held 
as a control. The cultures were incubated in the dark for two weeks at 
about 28° C. Notes were taken on the general character of the growdh 
at the end of the first week and again when the experiment was terminated. 
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m:^thod of taking rfsui.ts 

At the end of two weeks the flasks with their contents were weighed 
again, and the mycelium was filtered out with the aid of suction into 
previously burned and tared alundum crucibles. The fungous felts 
were washed by pouring through the crucibles a quantity of distilled 
water and were then dried to constant weight in a vacuum oven at 60*^ C. 
The glucose content of all the solutions was determined by means of 
the hric saccharimeter. 

In determining the sugar content of the 10 and 20 pei cent solutions, 
three and two times the normal weight of the solutions, respectively, 
were used, while the normal weight was taken in all the higher concen¬ 
trations. The solutions were then made up to 100 cc. with distilled 
w^ater and polarized through a 200-mm. tube. 

The control solution produced no visible polarization. 

The osmotic pressure and saccharimeter readings were made with 
freshly filtered solutions on the day the expeiiment was terminated. 
The depression of the freezing point was determined with a Beckman 
thermometer in an ordinary DeWar flask, the solution being cooled by 
the evaporation of ether. The osmotic pressure values were calculated 
from the freezing points obtained by one of the two formulas given by 
Harris and Gortner (14). When these were sufficiently low, as in series 
I, II, III, and IV, the first formula was used and the osmotic pressure 
w'as taken from their table, or from that given by Harris (15). This 
takes into consideration the error due to undercooling, whereas the 
second formula does not. 

The changes in acidity of the solutions w’ere determined by the use of a 
potentiometer, with the arrangement of Michaelis {23), The measure¬ 
ments were made in a closed vessel provided with a dip hydrogen elec¬ 
trode similar to that of Bovie (i), except that an exit tube was provided 
for the hydrogen. In most cases a day or two intervened before the po¬ 
tentiometer readings were made. In such cases the solutions were ster¬ 
ilized by steaming for 20 minutes and were then kept at a temperature of 
about 9° C. until used. A number of preliminary tests with these and 
other solutions showed that the hydrogen-ion concentration was not 
appreciably altered by steaming. 

EXPERIMENTAL BATA 

PERCENTAGE OF GEXJCOSE REMAINING AT THE END OF THE EXPERIMENT 

As already pointed out, the culture solutions were prepared to contain 
glucose iU' concentrations from o to 60 per cent. In the tables which 
follow, the controls are the flasks of the different series which were not 
inoculated. 

An inspection of the control columns in Table I shows how nearly the 
solutions made' roughly to 'contain: the same percentages of sugar agree 
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in the corresponding series of different experiments. The 10 per cent 
solutions by weight showed a range of from 9.1 per cent to 9.7 per cent 
at the termination of the experiments, while those made up to contain 
20 per cent tested from 18.2 per cent to 19.5 per cent, and so on, as indi- 
cated in the control columns in each series and under each organism. 

Tabcu 1 .~—Percentage of glucose remaining in the solutions at the end of the experiment ® 

[Saccharimeter readings] 


Series No. 

Percentage of glu¬ 
cose by weight. 

Solutions. 

*3 .4 

g s 
•2 "B 

Si 

Diplodia iubericola- 

K 

1 

s 

Mucor racemosus. 

Scleroliuni batati- 
cola. 

Pctticillium sp. 

Botrytis cmerca. 

s 

1 1 
S -2 

K W 

.ss 

A 

T 


/Control,... 

0 

0 

0 

0 

0 

0 

0 

0 

i 

0 

\ Inoculated. 

0 

0 

0 

0 

0 

0 

0 

0 

II 


/Control.... 

9*7 

9.4 

9*5 

9.4 

9.6 

9. 26 

9-3 

9.1 



/Inoculated, 

8* 55 

I. 2 

8.3 

5.2 

2. 2 

3. 16 

8. 83 

9. X 

III 


/Control.... 

iS. 85 

18.5 

19* 35 

19*5 

18 .95 

iS. 6 

18.75 

18. 2 



/inoculated. 

17.9 

14. 7 

17.71 

IS-8 

14. 16 

IS- S 3 

17.7 

18. 2 



/ Control.... 

28 

26.8 

29. 2 

28. 7 

27. 8 

28. I 

28.5 

25*5 

1 V 


/inoculated. 

27.1 

23*3 

27. 2 

26 

25.4 

23.46 

26.03 

25*5 

V 


/Control.... 

37 * ^ 

38 

39*7 

38.1 

37-3 

37*5 

37-8 

37 


40 

/inoculated. 

36. 7 

37*3 

36.8 

36-9 

36.7 

32.86 

37-8 


VT 


rControl.... 

46.1 1 

4 S 

49.2 

47.8 

45 - 5 

46.9 

47-7 


V X 

5 ° 

/inoculated. 

46.8 1 

48-3 

46. 7 

48. I 

45 * 7 

44, 86 



VII 

60 

rControi,. -. 

57*5 1 

57-3 

56.4 

58.8 

57 * 2 : 

57*9 




/inoculated. 






57 














o Column 2 shows the percentage of glucose by weight, while the actual percentage of sugar present at 
the end of the experiments in each case is indicated by the saccharimeter readings given in the control 
columns. The significance of column 2 is the same in all the following tables. ^ 

For the sake of convenience in some of the general discussions reference will be made to the approxi¬ 
mate percentages as shown in column 2 instead of to the actual percentage based on the saccharimeter 
readings. 

The column headed “inoculated’’ represents the average of the con¬ 
centrations of the three inoculated flasks of each series at the end of the 
experiment. For example, in series II of the Fusarium acuminatum 
experiment the control tested 9.7 per cent, while the average of the three 
inoculated flasks is 8,55 per cent. The control in the Diplodia experi¬ 
ment of series II tested 94 per cent, while the inoculated flasks averaged 
1.2 per cent of glucose. Similarly the amount of glucose in the controls 
and in the flasks in which the organisms have grown may be contrasted 
with all of those in the same series in all the experiments. 

The results show that all these fungi have the power to germinate and 
grow in a solution of glucose of high osmotic concentration. As early as 
1889 Eschenhagen (7) showed that Aspergillus niger, Penicilliumglaucum, 
and Botrytis cinerea Pers. could grow in solutions of glucose of 53, 55, and 
,51 per cent strength, respectively, and Raciborski (27) found that A. 
glaucum and a species of Torula could grow in a salt solution of even 
greater concentration. Hawkins (x6) likewise showed that various species 
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of fungi could thrive in concentrated solutions of glucose ranging from 
1.6 to 2.6 molecular and i.6 and i.8 molecular sucrose. 

With two exceptions the fungi studied by the writers grew on solutions 
of glucose from approximately 42 to 50 per cent concentration. The two 
exceptions, Botrytis cmerea and Spkaeroneifna fimbriatum, made a fair 
grom^th on solutions of approximately 38 and 25 per cent, respectively. 

The actual loss in the amount of sugar is somewhat significant and 
differs considerably with the different fungi. The greatest consumption, 
if it may be so expressed, occurs in the 10 per cent concentration. In 
a 10 per cent concentration Diplodia tuh&ricola reduced the percentage 
of sugar from 9.4 to 1.2; Mucor raceniosus from 9.4 to 5.2; Sclerotium 
haiaiicola from 9.6 to 2.2; and PenicHlium sp. from 9.26 to 3.16. In 
general, the percentage of sugar actually consumed by the organisms 
Just named decreased as the concentration of the solutions increased. 
On the other hand, Rhizopus triiici and Botrytis cimrea used more sugar 
at the higher concentrations, while Sphaeronema fimbriatum produced 
no change. 

TOTAU AMOUNT OP GLUCOSE PRESENT 

Although the stud}’ of Table I shows quite clearly that considerable 
glucose is converted by the action of some of the fungi, yet this does 
not show exactly what has occurred, since the figures are expressed' in 
percentages and certain factors are not considered. For example, no 
account was taken of the amount of evaporation or of the difference in 
the quantity of solution present in the flasks. Table II shows more 
accurately the amount of sugar remaining in each flask at the end of 
the experiment. These figures were obtained by multiplying the num¬ 
ber of grams of dextrose in each 100 gm. of solutions—^namely, per¬ 
centage of dextrose present—^by the total number of grams of the 
medium present and dividing the result by 100. The amount of sub¬ 
strate in each flask was determined by deducting the combined weight 
of the flask and dried fungous growTh from that of the solution, flask, 
and mycelium. In the Rhizopus iritici experiment, which was the 
first one conducted, not enough solution of all strengths‘was prepared 
to permit of the addition of 150 cc. to each flask; hence the control 
flask in some cases contained 100 cc.’or even less. This causes what 
would at first appear to be a great inconsistency in the amount of dex¬ 
trose present in the control as compared with that in the inoculated 
flasks. This is especially evident in series VI, where the total amount 
of dextrose in the control w^as 41.82, while the average for the inoculated 
flasks was 78.74. It is, however, also noticeable in series III, IV, and V. 
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TabIv^ II .—Amount of glucose remaining in the sohitions at the end of the experiments 

[Expressed in grams] 


Series. 

No. 

Percentage 
of dextrose 
by weight. 

Solution. 

Fusariuni 

acumin¬ 

atum. 

Diplodia 
tuber kola. 

RkizoPus 

iritici. 

Mucor 

racemosus. 

I 


/ Control. 

0 

0 

0 

0 

0 

\ Inoculated. 

0 


0 

0 

II 


/Control. 

14 - 54 
12. 80 

14, 26 

I. 79 

28. 84 

22.2 s 

12. 96 
12. 33 
23- 39 
26.94 
33 - II 
42. 89 
36. 40 
60. 09 
41. 82 
78. 74 
100. 90 

14. 34 
7. 60 
30.40 
24. 00 
46. 69 
40. 71 
64. 85 

61. 43 

84.27 
84. 29 
106. 84 

10 

\ Inoculated. 

III 


f Control. 

29. 48 
27. 69 
45 - 50 
43 - 78 
63. 48 
62. 34 
Si. 32 
82. 38 
107 - 35 

20 

\lnoctiiated. 

IV 


f Control. 

44. 14 

3 ^- 75 
63. 80 
62. s 7 

30 

[Inoculated. 

V 


1 Control. 

40 

[Inoculated. 

VI 


/ Control. 

85.34 
85.25 

104.92 

50 

[Inoculated. 

VII 

60 

/ Control. 

[Inoculated. 








Series 

No. 

Percentage 
i of dextrose 
i by weight. 

Solution. 

Sclerotium 

baiaticola. 

PeniciUium\ 

sp. 

Botrytis 

cinerca. 

Sphaero- 

nemajim- 

briaium. 


! 

i 

r Control. 

0 

0 

0 

0 

I 

0 

[Inoculated. 

0 

0 ^ 

0 

0 

II 1 


f Control. 

14.48 

3 - 19 

29. 68 
21. 16 

13. 72 

4 - 53 
28. % 
23. 37 
45 - 44. 
36. 22 

63.30 

53 - 29 
84. 04 
77. 64 
105. 96 

104. 62 

13- 73 
13. 04 
29,10 
27. 28 
46.14 
41, 50 
63. 62 
62. 99 

84.05 

13. 61 
13 - 53 
28. 21 
28.48 

41. 34 
41. 28 

10 

[Inoculated. 

III 


f Control. 

20 

[Inoculated.: 

IV 


J Control. 

45 - 45 
40. 13 

62.93 

60.74 
79. 62 

79-25 

30 

[Inoculated. 



/Control. 

V 

40 

[Inoculated.' 


VI 


/Control.* 


50 

[Inoculated. 


VII 

60 

/ Control.. 



[Inoculated. 











From Table II it is seen that in no case was all the sugar used up, al¬ 
though' the total amount remaining in some cases was small, Diplodia tu- 
bericola, Sclerotium haiaiicola, and Penicillium sp. being the heaviest users. 

rOTAh AMOUNT OF GEUCOSE PRESENT AT THE BEGINNING OF THE EXPERI¬ 
MENTS 

In order to determine the amount of glucose utilized by the different 
fungi it was necessary to calculate the total amount present in each flask 
at the beginning of the experiments. Data for making these calculations 
were available, since the total amounts of glucose in the controls were 
the same at the beginning as at the end of the experiments and the con¬ 
centrations of the sugar in the inoculated flasks and controls were origi¬ 
nally identical. 

The figures in Table III show the total amount of glucose present in 
the control at the beginning of the experiment and the average amount 
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in the three inoculated flasks of each series. It will be seen that in most 
cases the amounts in the inoculated flasks averaged very nearly the same 
as that present in the controls. It must be remembered also that al¬ 
though the solution originally was of a uniform concentration and that 
150 cc. were placed in each flask, yet the weight of the contents of the 
flasks varied slightly, because of the difficulty of measuring accurately 
with a graduate, which accounts for the difference in the total sugar 
present. 

Table III .—Total calculated amount of glucose present in the solutions at the beginning 

of the experiments 

[Expressed in grams] 


Series 

No. 

Percentage 
of dextrose 
by weight. 

Solutions, 

Fusarium 

acumin¬ 

atum. 

Diplodia 

tubericola. 

Rkizopus 

iritici. 

Mu cor 
racemosus. 



[Control. 

0 

0 

0 

0 

I 

0 

[Inoculated...'. 

0 

0 

0 

0 

11 


[Control. 

14-54 
14.58 
28.48 
29.42 
45 - 50 
45 - 59 
63- 48 
63- IS 
81. 22 

14. 26 

14-25 

28. 84 
29.13 
44 - 14 
43 - 79 
63. So 

64- 55 
85- 34 

84. 78 
104. 92 

12. 96 
14. 05 

23-39 

29. 66 
33. II 
46. 23 
36.40 
64.79 
41. 82 
82. 05 
100. 90 

14. 36 

14.23 

30. 40 
30. 39 
46. 69 

45-92 

64. 85 
62. 42 
S 4.*27 
84. 21 
106, 84 

10 

[Inoculated. 

III 


[Control... 

20 

\ Inoculated... 

IV 


[Control. 

30 

[Inoculated... 



[Control. 

V 

40 

\ Inoculated,. 

VI 


1Control...:_ 

SO 

[Inoculated. 

81. 24 
107-35 

VII 

60 

/Control... 

[Inoculated. 








Series 

No. 

Percentage j 
of dextrose i 
by weight. 

Solutions. 

j Scleroiium [PcnicilUmn 

1 baUiiicola. | sp. 

Botryiis 

dnerca. 

Sphacro- 

ncmajim- 

briatum. 



/Control. 

0 

0 

0 

0 

I 

0 

|[ Inoculated. 

0 

0 

0 

0 

II 


1 / Control. 

14 - 48 
14. 47 
29.68 
29, 68 
45 - 45 
45-32 

62.93 

62. 50 
79. 62 
TQ. 6g 

13 - 72 
13. 72 
28. 89 
28. 84 
45. 44 
43 - 12 

6^. go 

13- 73 
13.81 
2Q. 10 
29. 14 
46. 14 
46, 15 
63. 62 

13.61 

E 3 - S 3 
28.21 
28, 44 
41.34 

41.13 

10 

'[Inoculated... 

III 


I Control. 

20 

'[Inoculated.. 

IV 

1 

1 

(Control. 


Inoculated... 



/Control. 

V 

40 

[Inoculated.^ 

67. 22 

63- 23 

84.05 


VI 


/Control. 

84. 04 
82.77 

105. 96 

106. 38 


50 1 

[Inoculated. 


VII 

60 ! 

/Control. 




[Inoculated. 





i 






TOTAE AMOUNT OE GUUCOSEJ REDUCED 

The amount of glucose present in the solutions both at the beginning 
and at the end of the experiments having been determined, the differ¬ 
ences between these two or the amount reduced by the fungi were cal¬ 
culated and are shown in Table IV. An examination of this table 
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shows some very interesting results. In discussing these results it must 
be borne in mind that all the glucose which has disappeared from the 
solution has not been actually utilized in the formation of the fungous 
material Certain compounds, such as alcohol, organic acids, and carbon 
dioxid probably were formed. 


TABi^n IV .—Total amount of glucose reduced 
[Expressed in grams} 


Series 

No. 

Percentage 
of dextrose 
by weight. 

Solution. 

Fusarium 

actimi- 

natum. 

Diplodia 

tubericola. 

Rkizopus 

tritici. 

Mucor 

racemosus. 

I 


r Control. 

0 

0 

0 

0 

0 

\ Inoculated. 

0 

0 

0 

0 

II 


/ Control. 





10 

[Inoculated. 

1.78 

12.45 

I- 73 

6.30 

III 


/ Control. 

20 

\ Inoculated. 

I. 73 

6. 89 

2. 72 

6.38 

IV 


f Control. 

30 

[Inoculated. 

I. 81 

7.04 

3 - 34 

5.18 

V 


1 Control. 

40 

[Inoculated. 

.Si 

I. 67 

4.70 

2.99 

VI 


J Control. 

SO 

[Inoculated. 

. 06 

0 

3 - 3 ^ 

.09 

VII 

60 

/ Control. 


[Inoculated. 

0 

0 

0 

0 








. Series 
No. 

Percentage 
of dextrose 
by weight. 

Solution. 

1 

Sclerotium \ 
batuticola. j 

Penicillium 

sp. 

I 

Boirytis 

cinerea. 

Sphacro-' 
nema Jim- 
briatum. 



/Control. 

0 

0 

0 

0 

I 

0 

[Inoculated. 

0 

0 

0 

0 

1 

II 


f Control. 





10 

[Inoculated. 

11.30 

9.18 

0. 77 


III 


/ Control. 


20 

[ Inoculated. 

8. KI 

5 - 47 

r-85 

0 

IV 


f Control. 



30 

[Inoculated. 

5. iS 

6. 90 

4. 65 


V 


/ Control. 


40 

[Inoculated.. 

1.76 

9, 60 

.25 : 

0 

VI 


J Control. 


50 

\ Inoculated. 

.40 

5 - ^5 

0 

0 

VII 

60 

/ Control. .. 



\ Inoculated . .. 

0 

1 1. 76 




i 






In concentrations of approximately 10 per cent, four organisms, 
Diplodia tuhericola, Sclerotium bataticola^ Penicillmm sp., and Mticor 
racemosus, have reduced a considerable quantity of the total amount of 
glucose originally present. All these fungi utilize a larger amount of sugar 
at a strength of 10 per cent than at any higher concentration, except 
Penicillmm sp., which reduced slightly more in the 40 per cent solution. 
Penicillium alone grew and consumed some glucose in an approximately 
58 per cent solution. With these organisms Rkizopus tritici and Boirytis 
cimrea should especially be compared. The two latter fungi used a 
comparatively small amount of sugar at any concentration tried. It is,, 
furthermore, significant that they used the lesser amount at theJower 
concentration, the ouantitv consumed increasing with the^ increase/of: 
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the concentration up to 40 and 30 per cent, respectively, followed by a 
reverse of the process. 

With the exception of Penicillmm sp. none of the organisms grew in an 
approximately 60 per cent solution. Two fungi, Diplodia tuhericola and 
Botryiis cinerea, would not grow in a 50 per cent solution, and Sphaero- 
nema fimbriatum practically not at all at any concentration. It would 
appear from this table alone that a 10 per cent solution w^as the optimum 
concentration for growth of D. tuhericola and Sclerotium hataticola; for 
RMzopus tfiiici and Penicillium sp., 40 per cent; B. cimrea, 30 per cent. 
Fusarium acuminatum and Mucor racemosus do about ecfually well in 
concentrations of 10, 20, and 30 per cent. Whether or not Table IV 
gives a fair index of the optimum concentration for growth will be better 
understood after studying Tables V and VI. 

mV WEIGHT OE MYCEEIUM PRODUCED 

The dry weight produced by the various organisms in each flask was 
obtained separately, and the average weight from three flasks of each 
series is shown in Table V. 

Table V. Dry 'H'dght of mycelium 


[Expressed in grams] 


Series 

No. 

percentage 
of dextrose 
by weight. 

1 

Solutions. j 

FU'Sarium 
[ acumin- 
j aiiim. 

Diplodia 

tuhericola. 

! Rhizopus 
triiici. 

Mucof 
race?nosus. , 



1 

rCantrol.1 

1 




I 

II 

0 

\lnoctilated. 

[QTiTitml .. 

j o. 0150 

i 

0. 0350 

0, 0300 

0. 0131 

10 

\ Inoculated. 

. 1094 

I. 4750 

■ 4716 

•3375 

III 

i , ! 

[Crm trot . 

20 . 

[Tnnruiated. 

• 1352 

I. 0692 

.6516 

.2519 

IV 

V 

VI 

VII 


f Control. 

30 

1 Inoculated. 

f Control. 

.2049 

I. 6045 

. 6464 

. 1906 

40 

\ Inoculated. 

/ Control. 

. 1329 

.8898 

* sbbo 

. 1996 

so 

1 Inoculated. 

f Control.. 

1 : 

! 0 

• 1835 

.1915 

• 2433 

60 

\ Inoculated. 

; ® 

0 

0 

0 

Series 

No. 

Percentage 
of dextrose 
by weight. 

Solution. j 

Sclerotium | 
hataticola. j 

1 PmicilHum | 
sp. 1 

Botrytis 

cinerca. 

Spkaero-' 
ncnia Jim- 
briaium. 



/ Control ... 





I 

0 

[Inoculated .. 

0.0451 

0. 1682 

j 0.0778 

0. 0126 

II 


f Control . i 

10 

[ Inoculated. 

2. 24S2 

2. 6106 

! -2743 

. 0191 

in 


1 Control. 

20 ’ 

[Inoculated. ... 

' I. 8194 

2. C^oS 

•9134 

02 20 

IV 


I Control . 



30 

[Inoculated . 

I. 4936 

2. 4063 

1,02x5 

* 0102 

V 


/Control . 


40 

[Inoculated. .... 

• 4 ^ 5 ^ 

2. 1210 

. 0811 

0 

VI 1 


/Control . 



[Inoculated. ..... 

. 1114 

I. 7470 

0 

0 

VII 1 

60 

/Control ... 



[Inoculated .... 

0 

.2717 

0 

0 





































May i6,1921 Glucose as a Source of Carbon for Storage-Rot Fungi 199 


In considering the dry weight of myceliton produced, one must bear 
in mind that the growth of fungi in cultures of the same composition 
varies greatly. The dry weights given in Table V are the averages of 
of the growth from three flasks. It frequently happened during the 
course of these experiments that one culture produced a small amount 
of mycelium when compared with the other two flasks of the same 
series. Had it been possible to obtain the average weight from a large 
number of cultures, the. paucity of growth of a single one would not 
have influenced the average so much. 

Kunstmann {18) in \yorking with Aspergillus niger and Penicillitmi 
glaucum on sugar solutions found that in extreme cases there were five 
or more times as much dry material in one culture as in another of the 
same coxnposition and incubated under identical conditions. 

A small amount of mycelium was produced in cultures with no glucose 
added. Diplodia ttihericola, Sclerotium bataticola, and PenicAUium sp. 
produced considerabl}^ more dried material than any of the other organ¬ 
isms, especial!}^ at concentrations of approximately 10, 20, and 30 per 
cent; and, as was previously suggested, these were the organisms which 
utilized in general the largest amount of glucose. Sphaeronema fimbri- 
atum^ which did not use a determinable amount of sugar, produced a 
smaller amount of mycelium than any other organism. The dry weight 
produced in all of the series is, within the limits of experimental error, 
* about equal to the amount produced in the control. 

Gnucosu REQUIRED TO PRODUCE I CM. OP DRY WEIGHT 

The amount of glucose reduced for each gram of dry weight formed 
is shown in Table VI. It must be remembered that these figures do not 
represent necessarily the quantity of glucose which was actually utilized 
by the fungus in respiration or in producing dry weight, but the amount 
changed so that it no longer possessed polarizing properties. Doubtless 
some of the sugar was consumed in forming various compounds resulting 
from incomplete respiration or other vital activities. 

TabcE of glucose reduced for each gram of dry weight formed . 


Series 

No. 

Percentage 
of dextrose 
by weight. 

Solutiou. 

Fusarium 

acmnina" 

turn. 

Diplodia 

iuhericola. 

Rhizopus 

tritici. 

Mucor 

racemosus* 



fCntitrol . 





I 

0 

1 Inoculated. 

0 

0 

0 

0 

II 


f Control.. 





10 • 

Ilnocnlated... 

17 - 52 

8. 78 

\ 3 - 70 

19.65 

in 


f Control... 

20 ■ 

\lnoctilated. 

i 12. 60 

i 

6- S 9 

4.17 

25.56 

IV 


(Control. 

30 • 

(Inoculated... 

9.07 

4.99 

5*17 

28.88 

V 


(Control. 

40 ■ 

(Inoculated. 

6.38 

i 

12.91 

15.89 

VI 


( Control. 

50 • 

(Inoculated... 



17.67 

1,44 

VII 

60 • 

(Control * ., . 



(Inoculated... 
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Tabi,^) Y 1 .—Grams of glucose reduced for each gram oj dry weight formed —Continued 


Series 

No. 

.Percentase, 
of dextrose 
by weight. 

Solution, 

Sclerotium 

bataticola. 

Penid Ilium 
sp. 

Botrytis 
chiefea. 

Sphacro- 
■nema fim- 
hrialum. 



J Control. 





I 

0 

(Inoculated. 

0 

0 

0 

0 

II 


/Control. 





10 

(Inoculated. 

5. 02 

3-58 

2 . 68 


III 


1 Control. 


20 

(Inoculated. 

4 - S 9 

2. 70 

2.07 


IV 


/Control. 


30 

\lnoculated. 

3 - 39 

2.93 

4.56 


V 


/ Control... 


40 

(Inoculated. 

3. 86 

5 * 23 

5. 82 


VI 


/Control. 


SO 

(Inoculated... 

2. 98 

3-05 



VII 

60 

/ Control. 



(Inoculated. 


8, 61 










In the same concentration of sugar the different organisms varied 
greatly in the amount of glucose required to produce i gm. of dry weight. 
Likewise the amount required to produce i gm. of dry weight of the same 
fungus differs greatly with the concentration of the solution. For ex¬ 
ample, Fusarium acuminatum required a little over 6 gm. of glucose to 
make i gm, of dry weight in an approximately 40 per cent solution. On 
the other hand, in a 10 per cent solution over 17 gm. were required, or 
nearly three times as much. In other words, the higher the concentra¬ 
tion the smaller the amount of glucose used to form i gm. of dry weight. 
Within the limits of these experiments the '‘economic coefficient'^ of 
F, acuminatum in a 40 per cent solution would be 6.38. Diplodia tuber- 
icola forms a curve similar to that of F. acuminatum, but the quantity of 
glucose required to produce i gm. of dry weight is considerably less in 
corresponding concentrations of tlie solution, its “economic coefficient" 
in about the same concentration being 2.13. Rhizopus iritici reverses 
the process, the lowest “economic coefficient" of 3.70 being in an approx™ 
imately 10 per cent concentration. In a 50 per cent solution the same 
fungus utilized 17.67 gm. of glucose to produce i gm. of dry material. 
If R. iritici is compared with Mucor racemosus, which required 1.44 gm. 
of sugar to produce,! gm. of dry weight, it is seen that the order is again 
reversed, the lowest “economic coefficient" occurring in a concentration 
of 50 percent. The highest “economic coefficient" of the latter organism 
was in a 28.7 per cent solution and increased both above and below this 
concentration. Sclerotium hataticola parallels M. racemosus and in every 
case except in a 50 per cent solution requires much less sugar to form 
I gm, of dried material. ^ Neither Penicillium sp. 'nor Botrytis cimrea is 
quite consistent, in that the minimum glucose required per gram of 
dry weight is not at either end of the series. 

A comparison of the maximum amount of glucose required to foim i 
gm. of dry weight shows remarkable variations among the different 
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fungi. Mucof racemosus, requiring 28.88 gm., stands at one extreme 
and Sderotium bataticola, requiring 5.02 gm., at the other. Fusarium 
acuminatum, Diplodia tuhericola, and Rhizopus tritici required 17.52, 
8,78, and 17.67 gm,, respectively. Pfeffer (25) and Kunstman {18) have 
termed the numerical relation between the sugar consumed and the dry 
weight of the substance formed the ‘‘economic coefficient.^' The mini¬ 
mum amount of sugar required to produce i gm. of dry weight shows 
likewise great variation. A comparison of F. acuminatu?n and M. 
tacemosus, the two extremes, shows that the “economic coefficient" of 
the former is about 4.4 times greater than that of the latter. These 
differences correspond fairly well with results obtained by Kunstmann 
working with Aspergillus niger and Penicillium glaucum, who found 
it to vary from 1.13 to 3.88, while Ono (24) obtained a value as high as 
6.1 when working with A. niger. 

These results indicate that the coefficient cannot be looked upon as in 
any wa}^ constant. It differs with different fungi grown under identical 
conditions. There may be several factors which influence the results. 
According to Jost (17), the coefficient increased with the progressive 
development of the fungus and with the elevation of the temperature. 
Toxic substances likewise were shown by Ono to increase the coefficient 
in Aspergillus. Since these organisms were all grown at the same 
temperature, it would be largely eliminated as a controlling factor. On 
the other hand, some of the chemicals or impurities composing the 
nutrient medium might have a toxic action on some of the organisms. 
Furthermore, it is likely that the different fungi vary greatly in their 
ability to form other substances, such as alcohol, organic acids, etc., 
which might be toxic or inhibit normal growth. In some cases it has 
been shown that alcohol is actually produced. That all organisms are 
not equally influenced by these changes is probably true. In the more 
resistant forms growth would continue for a longer time and thus possi¬ 
bly produce a greater amount of fungal material per unit volume of sugar. 
What changes tlie fungus actually brings about must remain unknown 
until chemical methods pennit of the quantitative determinations of the 
different products and materials formed. 

HYDROGEJN-ION CONCENTRATIONS 

The hydrogen-ion concentrations express in Ph values were determined 
from representative samples of all the solutions. ■ These are recorded in 
Table VIL 
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Tabli$ VII.— Hydrogcn-io7L conccutmiiom, expressed in terms of potential hydrogen 


Serk‘S 

No. 

Percentage 
of dextrose 
by weight- 

Solution. 

Pusarkim 

acumm- 

atmn. 

Diplodia 

kihericola. 

RhisoPus 

tritici. 

Mucor 

racemosus. 



Control. 

4. 12 

4. 41 
3‘89 

3 - 97 

3. 66 

6. 33 

6 . 54 

6. 02 

I 

° 1 

Inoculated. 

4, 24 

3 - 97 

3 - 89 

3 - 93 
3-71 

3 - 96 

3. 66 

4. 22 

kJ 0 

6. 12 

II 


Coiitrol. 

4.84 

2. II 

5-44 
3*09 
S' 06 
3. 21 

10 ■{ 

Iiiocnlated. 

III 


Control. 

3.89 

2. 1^2 

3 - 91 
2.30 

3-75 

2. 27 
4.07 

3. 84 

4. 50 

I. 90 

4. 20 

20 -j 

[Inoculated. 

IV 


Control. 

4 - 

3.46 
4 - 39 
3 -13 
4. 28 
4.17 
4. oS 

30 

[Inoculated. 

I. Si 

V 


Control... 

4. 10 
2. 00 

40 

Tnocidated. 

3. 62 

3 * 97 
3*99 

4. 09 

VI 


f Control. 

4. 00 
2. 81 

50 

flnoculated. 

VII 

60 

1Control... 

3 - 72 

4. 12 

[Inoculated. 







Series 

No. 

Percentage 
of dextrose 
by weight. 

Solution. 

Scleroiium 

baiaticola. 

Penicillium 

sp. 

Botrytis 

cinerea. 

Sphaero- 
nema fim- 
briaium. 



f Control. 

6 . 4.0 

6.44 

6. 41 
5 - 70 
4-37 
5 * 39 
3. Si 

6. 39 
6. 23 

4. 99 

3. 24 

4. 51 
2. 91 
4. 22 

6 .41 
6. 41 

s- m 

5 - so 
5,16 
S' OS 
4.72 
4.83 
4.52 

I 

0 

[Inoculated. 

Is 

II 


/Control. 

A- S 4 
4. 21 

10 

[Inoculated. 

III 


J Control. 

4. 83 

20 

[Inoculated. 

4. 06 

IV 


[Control... 

4. 80 

5.14 
3 - 92 
4. 70 

30 

[Inoculated. 

4,07 
4. 82 

3-69 

4. 76 
4 « y') 

t 45 

4. 07 

3. 92 

4. 00 

V 


[Control. 

40 

[Inoculated. 

3.44 
4. si 



[ Control. 


VI 

50 

[Inoculated. 

20 


VII 

60 

[ Control. 

i 75 

4.40 
3.16 



[Inoculated. 





i 





No attempt was made to bring the different solutions to a definite or 
uniform h^^drogen-ion concentration. What influence the organisms had 
on tlie hydrogen-ion concentration was determined by a comparison of 
the controls with the solutions after the removal of the fungous growth. 
That the solutions differed somewhat in their original hydrogen-ion con¬ 
centration is seen from Table VH. Gillespie (ii) in working with differ¬ 
ent strains of the potato scab organism, Actinomyces chromogemis Gasp, 
in culture media of different composition found that 'the growth was 
'slower and less vigorous in a solution wdth a hydrogen-ion concentration 
of Ph 5.2 than in less acid media. It would seem that, although there 
\¥as some variation as regards the tolerance of die different strains to 
acid media, a Ph of 5.2 would closely approximate the limit of growth. 
A further interesting fact in this connection also was brought out by 
Gillespie; who showed that cultivated soils of the Caribou loam, which is 
generally free from the acab organism, yield a water extract with Ph 
values varying from 4.9 to 5.5 with a mean of 5.2, Meaeham {22) found 
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that the growth of Lenzitcs sepiaria (Wulf.) Fr., Fames roseus (Alb. and 
Schw.) Fr., Coniophora cerebella (Pers.) Schroter, and Meruliuslachrymans 
(Jcq.) Fr. ill synthetic and malt extract media was not inhibited until 
a high hydrogen-ion concentration was reached. The limiting Ph value 
was found to be near 1.7. All the fungi responded in about the same 
way, although there were distinct variations between the different 
organisms. Growth appeared to be retarded when a Ph lvalue of about 
3.0 was reached. As the acidity increased beyond this point the growth 
became markedly less. 

Webb (29) found that in a culture solution consisting of mannite, phos¬ 
phoric acid, and sodium hydroxid successively increasing the hydrogen-ion 
concentrations from approximately neutral to Ph 3.1 to 2.8 influenced 
favorably the germination of the spores of Aspergillus niger, Penicillium 
cyclopium West!., Botrytis cinerea^ Fusarium sp., and Lenzites sepiaria. 
The different organisms had a different range of hydrogen-ion concentra¬ 
tion, permitting the germination of the spores as follows: A. nigeff Ph 2.8 
to 8.8; P, cyclopium 2.8 to 10+; B. cinerea 2.8 to 7; Fusarium sp., 2.8 
to 10+; and L. sepiaria 2.8 to 7. 

At certain concentrations some of the organisms studied by the writers 
had little or no influence on the acidity of the substrate, while others 
rendered it much more acid. For example, Fusarium acuminatum^ 
Sclerotium bataticola, and Sphaeronema fimbriatum can hardly be inter¬ 
preted as exercising any influence on the acidity of the solution within the 
limits of these experiments. With all three of these fungi the hydrogen- 
ion concentration in the control at the same concentrations is actually 
higher than the solution on which the fungus grew. The differences are 
slight and in some cases well within the limits of experimental error, so that 
in genera! there are no outstanding examples of increase or decrease in 
acidity of any one of these three fungi. On the other hand, the remaining 
five organisms all show a considerable increase in the hydrogen-ion con¬ 
centration in solutions of different strength. Rhizopus iriiicif for example, 
increased the acidity of the substrate from Ph 4.2 to 1.81 in a solution of 
30 per cent dextrose, when the maximum hydrogen-ion concentration 
w^as reached. In general, it may be said that the highest concentration 
was reached in solutions containing about 20 to 30 per cent glucose and 
that it decreased above and below these strengths. 

Just how nearly these results represent the limits of growth for these 
fungi is not definitely known. The greatest growlh was made during the 
first week; thereafter it slowed up. Whether or not this was due to the 
increase of acidity in the solution or to other causes can not be answered 
at the present time. 

Preliminary experiments showed that if Rhizopus tritici is grown several 
times on the same solution after removal of the fungus felt it finally 
reaches a stage when growth no longer will take place. These experiments 
were made with Czapek’s modified nutrient solution with a 2 and i per 
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cent of glucose and starch, respectively, as a source of carbon and with 
sweet potato bouillon. The fungus "was allowed to grow lo days, when 
the felt ivas removed and the dry w^eight determined. The Czapek^s 
nutiient solution had a hydrogen-ion concentration of Pn 3-07 previous 
to inoculation. After a 10 days’ growth the acidity had increased to Pn 
2.05. The solution was sterilized by autoclaving and was then reinocti- 
lated with the same organism, but no growth resulted. Repeated 
inoculations ivere made, but no growth resulted. No appreciable increase 
or decrease in the Ph value of the solution resulted from the autoclaving 
either in Czapek’s solution or in the sweet potato bouillon. Although 
the fungus would not grow, there remained a considerable quantity of 
glucose and starch in the solution. In a 2-liter flask containing 1,000 cc. 
of solution 1,28 gm. of dried m3melium were produced. 

The sweet potato bouillon had an original Ph value of 5.17, which was 
increased by a 10 days’ growth to 3.12. The dry weight produced on 
1,000 cc. of solution in a 2-liter flask amounted to 3.59 gm. The solution 
i-vas sterilized by autoclamng and wms reinoculated. At the end of 10 
more days the Ph value was 3.0S and the dry weight was 1,33 gm. This 
operation was twice more repeated, and the Ph values after two more 
periods of 10 days’ growth were 3.11 and 3.05, respectively. The dry 
weight of the mycelium in the former case was 0.2536 gm., and not 
enough was produced in the latter to determine. Glucose and starch 
still remained in the solution. It is seen that the hydrogen-ion concen¬ 
tration did not increase materially after the first 10 days’ growth, while the 
actual amount of dr}" weight of material greatly decreased. 

OSiMOTIC COXCBXTRATIONS OF THB SOLUTIONS 

Table \TII show"s the osmotic pressures in atmospheres of the sugar 
solutions at the end of the experiments. These values were determined 
for the first five series of each organism. There was so little growth in the 
highest concentrations that they were not considered of sufficient im¬ 
portance to justify the determination of their osmotic pressures. 

Attention was previously called to the fact that fungi can germinate and 
grow in a sugar or salt solution far more concentrated than that of the cell 
sap of its host. The literature is replete with instances of certain fungi, 
such as species of Penicillium and Aspergillus, which are able to grow on 
concentrated sugar solutions. All the organisms discussed in this paper 
will germinate on a solution of glucose with an osmotic concentration 
several times greater than that of the cell sap of the sweet potato. 

An examination of Table VIII shows that these fungi grew in solutions 
with a maximum osmotic pressure varying from 81.33 to 101.46 atmos¬ 
pheres. It “will be noticed also that in general FusariuM acuminatum and 
Mucof racemosus increased, wrhile.ail the other organisms decreased the 
osmotic concentration 'of the solutions during a period of two weeks’ 
groivth. ' Some ^ exceptions in this connection should be noted. F. 
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acuminatum decreased the osmotic concentration in Czapek's modified 
nutrient solution without sugar added more than any of the other 
organisms. Sclerotm^n hataticola and Botrytis cinerea decreased the 
concentrations in all except 40 per cent solutions, where there was a 
slight increase. The decrease in the osmotic pressure is especially 
marked with S. hataticola and Penicillium sp. in the 10 per cent solution, 
being reduced in the former from 16.12 to 9.31 atmospheres and in the 
latter from 16.48 to 6.26 atmospheres. 

TabIvU VIII .—Osmotic pressure of the sugar solutions 


[Expressed in atmospheres] 


Series 

No. 

Percentage 
of dextrose 
by weight. 

Solutions. 

Fusariuvi 

acumhi- 

aiuju. 

Diplodia 

tuhericola. 

Rhisopus 

iriiici. 

Mucor 

racemostis. 

I 


/ Control. 

2.41 

I- 93 
16.37 
17. 24 

2. 17 

1-93 

I. 81 

2 . 20 

0 

[Inoculated. 

2. 01 

2. 29 

II 


f Control. 

16. 24 

16. 36 

16. 84 
19, 04 
35-75 
39 - S 3 
59 - 30 

63- 32 
93-85 

98.51 

10 

[Inoculated. 

12. 52 

14.44 

34. 79 
32.41 
62. 03 
38.27 
98. 12 

95-64 

III 


[Control. 

33-36 

31.09 
53-37 
53 -17 
92.20 

92-39 

20 

[Inoculated. 


IV 


[Control. 

66. 76 

30 

[Inoculated. 

68. 73 

V 


f Control. 

lOI. 46 
lOI. 89 

40 

\ Inoculated. 

VI 


f Control. 

sc> 

[Inoculated. 





vn 

60 

f Control. 





[Inoculated. 












Series 

No, 

Percentage 
of dextrose 
by weight. 

Solutions. ! 

Sclerotium 

hataticola. 

Pe 7 iicilUum 

sp. 

Botrytis 

cinerea. 

Sphaero- 

nemajlm- 

briaktm. 



[Control. 

2 . 17 

1.93 
I. 67 
16. 48 
6. 26 

1-93 

I. 89 

IS- 76 
14.84 

33-36 
31- 45 
58. 00 

54 - 75 
90, 68 
92. 12 

^‘ 9 S 

I. 8i> 

15. 88 

15. 96 
33.60 

33 - 72 

52. 06 

52. 01 

Si. 62-f 

I 

0 

[Inoculated. 

2 . I % 

II 


/Control. 

16. 12 

10 

[Inoculated... 

0. 

III 


[Control. 

y* 0 * 

. 33 - 96 
30.89 
SS -03 
54.04 
87.98 
90. 92 

34. 68 

27. 86 

38.47 

48. 02 

8 i -33 

80.39 

20 

[Inoculated... 

IV 


[Control. 

30 

[Inoculated...... 

V 


[Control. 

40 

[Inoculated. 

VI 


[ Control... 


50 

[Inoculated. 





VII 

60 

/Control.... 





[Inoculated... 













Why some organisms increase and others decrease the osmotic concen¬ 
tration of the solution is not definitely known. It is difficult to explain 
why an organism decreases the osmotic pressure in all strengths of the 
sugar solution except in the 40 per cent and there slightly increases it. 
In this connection Sclerotium hataticola and Botrytis cinerea should be 
especially noted. 
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Ill seeking for an explanation of the increase or decrease of the osmotic 
concentration by the difierent organisms in solutions containing the 
same percentage of sugar, one should take into consideration the cleavage 
products formed. Many investigators have shown that some fungi, 
and it may apply to all, have the power to produce organic acids, alcohol, 
etc, Wehmer (30) gave the generic name Citromyces to a group of 
fungi which he believed to be characterized by their ability to produce 
citric acid. Oxalic acid fermentation was thought by him to be a 
characteristic of Aspergillus niger. Currie (4) some years later showed 
that citric acid was-likewise produced by A. niger in nutrient solutions. 

bind {21) showed that oxalic acid was produced by Aspergillus niger, 
Penicillnmn glattcum, and Botrytis cinerea, and Lafar (19, p. 331) by A. 
niger. Lafar also found that citric acid was formed by Citromyces 
pfefferianus Wehm., C. glaher Wehm., and P. luieum. Many other 
references might be cited to show that a great variety of fungi and 
bacteria produce acids_ of various sorts. 

The production of alcohol has been proved to be a regular phenomenon 
of many fungi, the amount formed depending on the substrate, the 
temperature at which incubated, and the length of the incubation 
period. 

Gayon (lo), Hansen (xa), Fitz (9), and B ref eld (2) showed that 
Mucor spinosus v. Tieg. and Rhizopus nigricans produced alcohol in 
varying amounts, depending somewhat upon the conditions mentioned 
above. M. racemosus produced alcohol but little when incubated at a 
temperature below 15^ C. nigricans ceased to produce alcohol when 
1.5 per cent had been formed. M. spinosus, according to Gayon, will 
produce as much as 1.5 to 2 per cent, and ilf. erectus Bain, as much as 8 
per cent, according to Hansen, when incubated at room temperature. 
If either alcohol or acids or both were formed in the solutions the osmotic 
concentration would be influenced in proportion to the amount pro¬ 
duced. Previous tables have shown that the percentage of sugar was 
lowered by the fungus, and yet in spite of that the osmotic concentration 
of some of the solutions is actually higher than that of the controls. 
This would be possible only in case some of the sugar or other constitu¬ 
ents of the substrate were converted into some substance, such as alcohol 
or organic acids, which would affect the osmotic concentration. In 
M. racemosus the osmotic pressure of the solution of the inoculated flask 
is higher than in the control, although a considerable amount of tlie 
sugar was actually removed. This organism is one which is known, as 
pointed out in one of the citations given above, to produce a considerable 
quantity of alcohol. Data presented in Table' 11 show that Diplodia 
tubericola, M. racemosus, and Sclerotium hataticola growing in an approxi¬ 
mately 10 per cent solution reduced the sugar from 14.26,14.34, and 14.48 
to 1.29, 7.60-, and 3.18 gm., respectively. On the other hand, the osmotic 
pressures of these solutions were changed from 16.24, 16.84, 16.12 
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to 12.52s 19.04, and 9.31, respectively. In the first and last cases the 
osmotic pressure is reduced, the latter more than the former, but in neither 
case in proportion to the amount of sugar actually disposed of. In 
M. racemosus, which reduced the sugar by nearly one-half, the osmotic 
pressure was actually increased. A study of the two tables will show 
other similar results. These facts may be explained in part by assuming 
that some of the sugar was broken down into some substance or sub¬ 
stances which held the osmotic concentration up to, or in some cases 
raised it above, that of the control. 

CHARACTER OR MYCELIAL GROWTH 

The fungi all looked very much alike when grown upon the culture 
medium without glucose present. The m3^celium was white or grayish 
in color, very fine, and usually formed a thin felt over the surface with 
a small amount of submerged threads. Except in Rhizopus 
no sporulation took place, and then only an occasional sporangium was 
formed. With two exceptions, all the fungi studied made a fairly good 
growth in concentrations of glucose var3dng roughly from 10 to 40 per 
cent. Sphaeronema apparently is not able to utilize glucose, since 
in no case was the growth perceptibly increased by its presence. Of 
the eight fungi, Penicillium alone was able to grow in the strongest 
concentration. Diplodia tuherkola, R. nigricans, Mucor racemosus, 
and Sclerotium bataiicola made some growth in all but series VII, while 
Fusarium acuminakim made a sparse growth in series VI. Sphaeronema 
fimhriatum and Boirytis cinerea failed to thrive in series V and VI, re¬ 
spectively. Although Penicillium grew at the highest concentration 
used, it did not develop normally. No doubt this strength of dextrose 
represents approximately the limit of growth of this organism. 

SUMMARY 

(1) Eight fungi— Fusarium acuminatum, Diplodia tuhericola, Rhizopus 
tritici, Mucor racemosus, Sclerotium bataiicola, Penicillium sp., Boirytis 
cinerea, and Sphaeronema fimhriatum —which cause decay of sweet 
potatoes in storage, were grown at a constant temperature of 28® C. 
on a modification of Czapek’s nutrient solution, with different amounts of 
glucose as a source of carbon. All these fungi except S. fimbriaium 
utilized glucose in considerable amounts. 

(2) The different fungi varied greatly in the amount of glucose they 
actually consumed at the same concentration. In general, the greatest 
consumption was in the weaker solution (10 per cent) and decreased 
progressively with the increase of the concentration. With two ex¬ 
ceptions, all the organisms grew in solutions contairdng from 42 to 50 
per cent glucose. Penicillium sp. alone grew in a 58 per cent solution. 

(3) A great variation was found among the different fungi in 'the 
amount of dry material that was produced at the same concentration. 
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The concentration on which the greatest yield of fungous material was 
produced by a certain organism was not necessarily the optimum 
concentration for any of the other fungi. 

(4) The different organisms varied greatly in the amount of glucose 
required to produce i gm. of dry w’eight. Likewise the amount required 
to produce i gm. of dry weight of the same fungus differed with the 
concentration of the solution. 

(5) The “economic ooefficienL’' was found to be much higher in many 
cases than that given by Kunstmann and Ono; the maximum of 28.88 
and the minimum of 1.44 being reached by Mucor racemosus on a 30 and 
50 per cent solution, respectively. The highest “economic coefficient” 
for some fungi ivas on the weaker solutions. For other organisms^ 
however, the order was reversed. 

(6) Some of the organisms—namely, Fiisarmm actiminaimn, Sclero- 
iitim baiaticola, and Sphaerone-ma fimbriahim -—had little or no influence on 
the hydrogen-ion concentration. Rhizopiis irif’ici, Diplodia hibericola^ 
Miicor racemostis, Penicilliimi sp., and Botrytis cifierea, on the other 
hand, increased perceptibly the acidity of the -solution. 

(7) All of the fungi studied grew in solutions ivith a maximum osmotic 
pressure varying from Si. 33 to 101.46 atmospheres. Fusarimn ammina- 
turn and Mucor racemosus increased the concentration, whereas, the 
other fungi in general decreased it. In a few cases where a consider¬ 
able amount of sugar was consumed the concentration was actually 
increased. In general, the decrease in the osmotic concentration was 
not in proportion to the sugar consumed, so that it is possible that 
compounds such as organic acids, alcohol, etc., were formed from 
the sugar which would themselves influence the osmotic concentration. 
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RESPIRATION OF SWEET POTATO STORAGE-ROT FUNGI 
WHEN GROWN ON A NUTRIENT SOLUTION 


By I/. HartbR, Pathologist, and J. B. Assistant Pathologist, Cotton^ 

Truck, and Forage Crop Disease Investigations, Bureau of Plant Industry, Untied 

States Department of Agriculture 

INTRODUCTION 

Respiration in plants has been a favorite subject for botanical research 
for many years. Most of the earlier work was done with chlorophyll 
green plants, or parts of plants, some of the classical studies having been 
made upon seeds. The results of these researches have given us a better 
insight into the metalbolism of flowering plants, with some facts regard¬ 
ing the utilization of carbohydrates in respiration. Hasselbring and 
Hawkins (9) ^ in studying the respiration of the roots of sweet potatoes 
found that the reducing sugars were the immediate source of respiratory 
material. The cane sugar remained relatively stable when once formed 
and did not appear to be readily utilized so long as starch and other car¬ 
bohydrates were present in abundance. 

The results of investigations reported by the writers (2j) show that 
the fungi responsible for most of the decay of sweet potatoes—namely 
Fusanum acuminatum E. and E. emend. Wollenw., Scleroiium baiaticola 
Taub., Diplodia tuhericola (E. and E.) Taub., Penicillium sp., Mucor 
racemosus Fes., Botryiis cinerea Pers., Rhizopus iritici Saito, and Sphae- 
ronema fimbriatum (E. and H.) Sacc.—^with the exception of the last- 
named organism, can utilize glucose as a source of carbon. Not only 
were these fungi able to use glucose in various amounts, but they also pro¬ 
duced certain changes in the hydrogen-ion and osmotic concentrations of 
the culture medium. Some of the sugar was used in producing mycelium 
and in supplying energy for carrying on the vital processes of the organ¬ 
isms, although no doubt a part of it was utilized for other purposes. 

The investigations reported in this paper were designed to throw fur¬ 
ther light (i) upon the question of the availability of glucose as a source 
of carbon for these same fungi, Sphaeronema fimbriatum excepted, and 
(2) upon the amount of the carbohydrate used in respiration as measured 
by the amount of carbon dioxid (CO2) given off. 

methods 

In these investigations the fungi studied were grown in Erlenmeyer flasks 
on a liquid synthetic medium. The apparatus was set up in duplicate, 

^ Reference is made by nttmber (italic) to “Literature cited,” p. 22S“effl6. 
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aBd parallel experiments were run in most cases. The culture flasks 
were placed in an incubator held at a constant temperature, and CO^- 
free air was pulled through by means of a Richard air pump. The air was 
passed through three bottles containing pumice stone and concentrated 
potassium hydroxid (KOH) and one bottle containing concentrated 
barium hydroxid (Ba(OH)2), the latter being used principally as an indi¬ 
cator to insure that the air was entirely freed of CO3. The air was finally 
washed by being pulled through COg-free distilled 'water, from which it 
was drawn into the culture flasks. The culture flasks and trap bottles 
for freeing the air of CO3 and for washing it were placed in an incubator 
maintained at a temperature of 29*^ C. From the culture flasks the air 
was drawn out of the incubator through glass tubing. It was then freed 
of CO2 by being drawn through a series of cylinders containing a saturated 
solution of Ba(OH)2. Fresh air, though not in sufficient amount to in¬ 
terfere with the temperature control, ’v\ms admitted to the incubator 
through a small hole about i cm. in diameter. 

The cultures were grown in i-liter Jena Erlenmeyer flasks stoppered 
with 2-holed rubber corks, through each of which were passed two glass 
tubes wffiich served for the exchange of air. The tubes which admitted 
the air into the flasks extended to within about i inch of the surface of 
the medium, while the exit tubes barely projected through the corks. 

CVVrVRH MEDIUM 

A modification of Czapek's nutrient solution, in which ammonium ni¬ 
trate (NH4NO3) was substituted for sodium nitrate (NaNOg), was used as 
a substratum. Baker’s C. P. dextrose in approximately 10 per cent 
strength was supplied as a source of carbon. The culture medium was 
prepared according to a method fully discussed in an article by Weimer 
and Harter to which the reader is referred for complete details. 

PREPARATION OF AN EXPERIMENT 

Three i-liter flasks, one to ser\^e as a control, were prepared to contain 
300 cc. of the culture medium. After being plugged with cotton they 
were sterilized by steaming for 20 minutes on three consecutive days. 
Just before inoculation the cotton plug was replaced by the rubber stop¬ 
per with glass tubes attached, and the whole was resteained for 20 min¬ 
utes. To allow for the expansion on heating and to prevent contamina¬ 
tion on cooling a glass tube of 3-mm. bore, about 8 cm. long, with a small 
bulb about i cm. in diameter midway between the two ends, was con¬ 
nected with each of the tubes passing through the cork by means of 
rubber tubing. The bulb 'was packed with cotton, which while permit¬ 
ting the passage of air served to filter out all contaminating material. 
The cotton was^ left in the bulb throughout the experiment. 

Inoculations were made with a loop of/a heavy spore suspension in 
distilled water or with a bit of, mycelium from' a young and vigorous cul- 
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ture growing on Irish potato cylinders or stems of Meliloius alba Desr. 
Before the culture flasks were inserted into the apparatus, air was pulled 
through the series of trap bottles and cylinders for about one hour to 
make sure (i) that all of the CO3 was being removed from the incoming 
air and (2) that there was no leak through the connections. 

At the termination of each experiment the mycelium was filtered into a 
tared alundum crucible washed with distilled water and dried to constant 
weight in a vacuum oven at 60° C. The percentage of glucose present 
in the control as well as that remaining in the tw^o culture flasks wras 
determined by a Fric saccharimeter, from which the total amount re¬ 
duced Avas calculated. The culture and control flasks were weighed at 
the beginning and at the close of the experiment, and from these data 
corrections were made for loss of w^ater due to evaporation or other 
causes. 

determination OE CO2 

The fungi differed markedly in the rapidity at which they grew in the 
culture solution. Some of the organisms, as Rhizopus tritici, for example, 
grew rapidly from the outset, and CO3 was evolved in from two to three 
days. Some of the other fungi, on the other hand, grew slowly and gave 
off no CO2 for a week or more. As soon as a precipitate appeared in the 
Ba(OH)3 solution the COg was determined for each 24-hour period there- 
after to the end of the experiment. 

In the determination of the CO2 evolved the excess Ba(OH)2 was 
neutralized by the addition of h3^drochloric acid (HCl), with the use of 
thymol blue (thymol sulphonphthalein) as an indicator. The precipitate 
(BaCOg) was then dissolved b}" adding an excess of Nji HCl. After the 
total volume of the solution had been determined, an aliquot portion 
(usually 25 cc.) was titrated against Njio sodium hydmxid (NaOH) with 
brom phenol blue (tetra bromo phenol sulphonphthalein) used as the 
indicator. The number of cubic centimeters of Njio NaOH used to 
neutralize 25 cc. of the solution was multiplied by the total volume of 
solution, which gives the equivalent of the excess acid. The excess acid 
w^as then converted into its equivalent of JV/i HCl, and this amount w^as 
deducted from the total number of cubic centimeters of HCl required 
to dissolve the precipitate. The figure thus obtained was multiplied by 
the factor 0.022, the equivalent in CO3 of i cc. of Nji HCl. 

In the preliminary experiments the two indicators, phenolphthalein 
and methyl orange, usually used in titrations of this nature were tried, 
but neither gave a satisfactory end point. Scales {x8) experienced like 
difficulties in titrations of a similar kind and found that thymol blue 
and brom phenol blue both had a very sharp end point. Thymol blue 
in the presence of Ba(OH)2 and BaCOg gives a brilliant blue, color, which 
changes to a muddy green at the neutral point, to a lemon-yellow in a 
slight excess of acid, and to a pink in a strong acid solution. Upon the 



214 


Journal of Agricultural Research 


Vol. XXI, No 4 


addition of brom phenol blue the solution changes to a deep blue color 
and when slightly acid to a lemon-yellow. 

EXPERIMENlTAb DATA 

RATE OR RESPIRATION 


The rate of respiration of the different fungi expressed in CO3 produc¬ 
tion is shown by the ounces in figure i, where the abscissae represent 
days and the ordinates the amount of CO3 produced daily in grams. 



£?ays 

Fig. I. —Rate of respiratioii of various ftmgi: RHzoPustritici; 2,Diplodia iubericola; 3, Mucor racemosus; 

4, Pmicilliwn sp,; 5, Sclerotium bataiicola; 6, Ftisarium acuminaium; 7, Boirytis cinerea. 

The figures used in plotting these cun^es are in most cases the averages 
of two parallel tests. One familiar ^vith the physiology and growth of 
fungi is aware that the same nutrient medium, the same temperature,, 
and other emdronmental factors do not meet the requirements of all 
fungi equally well. In order to make the results comparable, a uniform 
standard of conditions for all the organisms was established as nearly as 
possible. They were all grown in an incubator maintained at a constant 
temperature of 29° C. in the dark. ■ 

An inspection of the curves shows that three organisms—namely 
PenicUlium sp., Botrytis cimrea, and Sclerotium bataiicola produced a 
quantity' of COg in excess of 2 gm. in a single day, while the four remain¬ 
ing organisms produce a relatively small amount. The data show also 
that those organisms' which grevr rapidly produced a comparatively small 
amount, of CO3, reaching their maximum in a shokt time after the culture 
flasks ' were , inoculated and ' declining steadily thereafter, RUzopus 
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tritici illustrates this point. On the second day it produced a measur¬ 
able amount of COa, the quantity steadily increasing up to the fourth 
day. Thereafter it gradually decreased and practically ceased entirely by 
the twelfth day. PeniceUium sp., B. cinerea^ and S. baiaticola, on the other 
handy grew slowly and did not give off a measurable quantity of CO3 
for several days following inoculation. The evolution of CO2. rapidly 
increased thereafter and continued a considerable number of days before 
it ceased entirely. 

Except with Botrytis cinerea, the day of maximum production of 
CO3 was followed b}^ a sharp decline, which continued to the close of the 
experiment. B, cinerea differed from all the other organisms in that there 
was a period of two or three days when the maximum CO2 production 
remained about constant. However, it is probable that if determinations 
had been made in less than 24-hour periods an apex in the curve w^ould 
have been shown for this fungus. 

DRY WEIGHT OR MYCEUUM 

A direct comparison of the dry weight of the different organisms is not 
possible for reasons that can be well understood. As previously pointed 
out, the fungi were allowed to grow as long as a measurable quantity of 
CO2 was given off. This varied from ii to 30 days, so that some fungi 
had a much longer time to form mycelium. Furthermore, some fungi 
will produce a much larger quantity of dried material than others under 
identical conditions; in fact, it was showm by Kunstmann {14) that in 
duplicate cultures of the same fungus two and one-half times as much 
dried material might be produced in one flask as in another. 

An examination of Table I and the curves in figure i will show that 
although the experiments with Botrytis cinerea ran for 38 days, Penicil- 
Hum sp. produced about 11 per cent more dry weight in 10 days less time 
and that Scleroimm hataiicola produced a greater dry weight in 25 days 
than B. cinerea, which grew 12 days longer. Mucor racemosus and Rkiz- 
opus tritici were grown 23 and 12 days and produced 1.13 and 0.94 gm. of 
dry -weight, respectively. A comparison of M. racemosus with S. batati- 
cola shows an even more striking ifference, the ratio of dry weight being 
approximately 1 to 5.5* 
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I .—Glucose reduced and dry weight and Conformed by certain sweet potato storage- 
roiftingit iogeiher with the numerical expression of the inter relationship existing between 
the glucose changed and the resulting products as well as between the products themselves 


Orgacism. 

Solution. 

Dry *weight 
of my- 
celium pro¬ 
duced (in 
grams). 

Glucose 
remaining 
at the end 
of the ex¬ 
periment 
(in per¬ 
centage by 
weight). 

Atnotint of 
glucose re¬ 
duced (in 
grams). 

Total 
amount of 
CO 2 (in 
grams). 

Fusarium aciiminaimn 


f Control. 


0. 2 




\ Inoculated. 

I. 607 

•55 

27. 510 

IS-524 



/ Control. 


0.18 



ScUrotium hataiicola.. 


\ Inoculated. 

6.068 

.09 

27.771 

29.327 



J Con trol. 


Q. I 



Diplodia tubericola .... 


llnoculated. 

1.972 

6*35 

7. 628 

6. 066 



J Control.. 


0, 2 



PeniciUium sp... 


\ Inoculated. 

6.251 

0 

30. 791 

32.523 

Muco r racemosus . 


/ Control. 


0. I 




\ Inoculated. 

I. 127 


25. 762 

12.837 



J Con trol. 


Q. 6 



Botrytis cinerca . 

. 

1 Inoculated. 

S -377 

• 05 

27.271 

32-714 



fControl. 


0. 2 



Rkisopus tritici . 


llnoculated. 

•938 

7*93 

4 - 345 

2, 718 

1 




Dry weight 

Coeificient 

Economical 

Respiratory 

1 



Grams of 

of my¬ 

of respira¬ 

coefficient: 

quotient: 




CO 2 given 

celium (in 

tion: sugar 

sugar used 

dry weight 

Organism. i 

Solution. 

off per gram 

grams pro¬ 

(in grains 

(in grams 

(in grams 

i 



of glucose 

duced by I 

reduced per 

to produce 

formed per 




reduced. 

gm. of 

gram CDs 

I gm. dry 

gram COs 





glucose). 

formed). 

weight). 

given off). 

Fusarium aciimimtum . 

f Control. 






\ Inoculated. 

0. 567 

0. 058 

1.77 

17. II 

0. 103 

Sclero iitmi ha taiico la.. 

f Control. 






I Inoculated. 

1.056 

. 218 

•95 

4-58 

. 207 

Diplodia tubericola ,..! 

f Control. 






1 Inoculated. 

•795 

.258 

I, 26 

3.86 

•325 

Penicillhtm sp.! 

J Control.. - 






1 Inoculated. 

I. os;6 

.203 

•95 

4. 93 

, 192 

Mucof racemosus . 

J Control.... 






\ Inoculated. 

.49S 

.044 

2. 01 

22. 86 

,o8S 

Botrytis cinerea . 

/ Control. 






1 Inoculated. 

I. 200 

.197 

.83 

5.07 1 

. 164 

Rhizopns tritici . 

/ Control. 






\ Inoculated. 

.625 

. 216 

I. 59 

4-63 

•345 


UNCHANGI?D GI.UCOSE; REMAINING IN THE SOLUTION 

With the exception of Diplodm tubericola and Rhizopns tritici the fungi 
either utilized directly practically all the glucose originally present in 
the solution or converted it into other substances (Table I, columns 4 
and 5), the former utilizing about 2.8 and the latter 1.3 per cent. The 
percentage of glucose consumed should be carefully compared with the 
dry weight of mycelium shown in column 3. Fusarium acuminatum 
and Sekroimm hataiicola utilized all but 0.55 and 0.09 per cent, respec¬ 
tively, of the glucose,and,produced 1.61 and 6.1, gm. of^mycelium. In 
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other words, S, bataiicola made nearly four times as much dry weight in 
nine days less time by the utilization of practically the same amount of 
sugar as F. acuminahtm, Penicillium sp., on the other hand, utilized 
all the glucose and formed 6.25 gm. of mycelium, while Mucor racemosus 
consumed 25.8 gm. of sugar in making 1.13 gm. of diw weight. A study 
of the figures shows that there is no uniformity among the fungi as regards 
the glucose utilized and dry w^eight produced, even if an account is 
taken of the length of time they were grown. 

CO2 PRODUCTION 

In column 6 is shown the total amount of CO2 produced by each 
fungus during the time of the experiment. A comparison of the total 
CO2 given off with the dry w^eight produced and sugar utilized will not 
be necessary in all cases, but attention will be called to a few outstanding 
examples. Sderotium hataticola gave off nearly twice as much CO2 as 
Fusarium acuminatum and yielded nearly four times as much dry weight, 
while Boirytis cimrea and Rhizopus tritici produced 32.71 and 2.72 gm, 
of CO2, respectively, and formed 5.38 and 0.94 gm. of dry weight. Here 
also a resume of the figures shows that there is little or no uniformity in 
the relation of CO2 evolved to the glucose consumed and dry weight 
produced. 


RELATION OF COg GIVEN OFF TO GLUCOSE REDUCED 

The amount of CO3 given off in grams for every gram of sugar reduced 
is shown in column 7. It will be seen that for Sderotium hataticola^ 
Penicillium sp., and Boirytis cinerea more than i gm. of CO2 is produced 
for each gram of sugar consumed. In all the other cases it is less than 
unity, It should be noted that these are the three fungi which produced 
the largest amount of dry weight and are among those which consumed 
the most glucose. If extremes are contrasted it will be seen that B. 
cinerea and Mucor racemosus produce approximately 1.2 and 0.5 gm. 
of CO2, respectively, for each gram of sugar utilized. While some reasons 
for these differences will be suggested later, attention should be called to 
the fact that B. cinerea continued to give off an appreciable amount of 
CO3 some days longer than M. racemosus. Botrytis, Penicillium, and 
Sderotium consumed all or practically all the sugar, so that it is not 
unlikely that other compounds were formed from the sugar which may 
have been utilized as a source of carbon. 

RELATION OF DRY WEIGHT TO GLUCOSE CONSUMED 

An examination of column 8 shows that the fungi differed greatly in 
the dry weight formed from i gm, of sugar consumed. Fusarium acumi¬ 
natum and Mucor racemosus stand out as conspicuous examples of fungi 
which produce a small amount of mycelium per gram of sugar used, this 
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being only 0.05S and 0.044 respectively. Contrasted to thesej 

Diplodia tubericoia formed the mostj namely, 0.258 gm., while Sderotium 
hataiicola and Rhhopus iritici formed 0.218 and 0.216 gm., respectively. 

COBNFICIENT OF RESPIRATION 

The number of grams of sugar reduced per gram of CO3 evolved is 
shown in column 9. The differences in the case of several of the fungi 
are very large. Mucor racemosus is the most extravagant and Botrytis 
cinerea the most economical user of sugar when the comparison is made 
on the basis of CO^ produced, but it may be otherwise when the dry 
weight of fungus substance alone is considered. Four of the fungi 
studied require more and three less than i gm. of sugar to make i gm. 
of CO3, Kunstmann (14) in working with Aspergillus niger v. Tieg. in 
a 5 per cent solution of cane sugar found a considerable variation in the 
results obtained from different experiments. In all cases, however, more 
than I gm. of sugar -was required to form i gm. of CO2, the variation 
ranging from 1.05 to 1.98. He further showed that a greater growth of 
the fungus was accompanied with an increase in respiration, as would be 
expected, and that the respiration became more rapid as the temper:ature 
rose. He showed, furthermore, that the concentration of the cane sugar 
in the nutrient solution influenced the rate of respiration, it being about 
1.5 times as rapid in a 30 as in a 5 per cent solution. In a solution made 
slightly acid with phosphoric acid (P2O5) the quantity of CO2 evolved 
by a unit weight of growth was considerably less than in those which 
remained alkaline. 

It is evident that there are a number of factors which might have 
some influence on the evolution of CO2 in experiments with a number of 
fungi. It is not possible to find an environment which would be the 
optimum for all of them. If one considers the concentration of the solu¬ 
tion alone with respect to the source of carbon, which Kunstmann 
showed to influence respiration, it is clear that a concentration which 
might be considered optimum for one organism might not necessarily 
be so for another. In spite of the great ability of fungi to adapt them¬ 
selves to solutions of high osmotic concentration, it is a well-known fact 
that some organisms can tolerate a more concentrated solution than 
others. The Penicillia, for example, grow in a sugar solution of high 
concentration. The writers found that Botrytis cinerea and Penicillium 
sp. grew equally well in a concentration of 38 per cent and 58 per cent, 
respectively. Bearing in mind the influence the concentration has on 
respiration one may readily conceive how the quantity of sugar present, 
which in these experiments' was alike for all the organisms, might work 
to the advantage or disadvantage of the different fungi,' at least so far as 
the amount of sugar required to produce !■ gm. of, CO^ is concerned. 

' Other factors which''Conceivably'might'influence the'results, are '(1) 
acidity of: the 'Solution, '(2) ; spore''sowing,, (3)'light, (4): temperature* ,, As 
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regards the first of these, it is a well-recognized fact that most fungi 
prefer a slightly acid medium, and in some cases if the solution is not acid 
they make it so. Since this subject is to be discussed more in detail in 
another connection, suffice it to say here that, as with the concentration, 
it is probable that the degree of acidity of the original solution was not 
optimum for all the organisms. Kunstmann considered the question 
of mass inoculation of the culture by spores and found that it exercised 
very little influence on the rate of respiration. There is at present some 
difference of opinion as to the influence of light on the respiration of 
fungi. Kreusler (ly) and Wehmer (22) deny the influence of light on 
growth and respiration, while Bonnier and Mangin (i) and Elfving (6) 
ascribe a retarding effect and Ziegenbein (24) a favorable influence on 
some flowering plants. Probably all fungi will grow in the dark. Jans¬ 
sens and Mertens (10) found that the red Torula is influenced by light and 
behaves like green plants, respiration being apparently more pronounced 
in the light than in the dark. The writers have also found that certain 
organisms fruit abundantly when exposed to moderately strong light but 
remain sterile if grown in the dark. In the writers’ present experiments 
the fungi were exposed to light for only a short period of time each day, 
when the incubator was opened to adjust the apparatus or to examine 
the cultures. 

The temperature of 29° C. at which the organisms were grown probably 
does not represent the optimum for many, if it does for any of these fungi. 
The results of many investigators have shown that there is a wide range 
of optimum temperatures between different organisms, some thriving as 
well at 37° as others at 25°. In fact, there is considerable variation 
between species of the same genus. Brooks and Cooley (j) showed that 
the apple-rot fungi vary in their temperature requirements, and Edson 
and Shapovalov (5) showed that certain potato-rot and wilt-producing 
organisms of the potato had different optimum and maximum tempera¬ 
tures for growth. The writers found, for example, that Rhizopus 
tritici grows better at 35° than at 29^ and will make a good growth at 
40® or above. Some intermediate temperature, therefore, had to be 
employed which would permit all the organisms to make a good growth. 
Furthermore, the fact must not be overlooked that the rate of CO2 
production is more or less correlated with the temperature at which the 
fungus is grown. Ziegenbein (24) found that the optimum temperature 
for respiration of different flowering plants varied from 35^ to 45^^, and 
Kunstmann (14) and Stoklasa (ig) report a similar variation for fungi 
and beetroot, respectively. According to these investigators the maxi¬ 
mum rate of respiration correlates closely with the maximum tempera¬ 
ture for growth. When the maximum temperature for growth is 
reached, the rate of respiration declines rapidly. 
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ECONOMIC coefficient 

{X/) and Ivunstmaim (14) have termed the numerical relation 
etrteen the sugar consumed and tne dry weight of the substance formed 
the economic coefficient.''’ According to Jost (ii) the theoretical 
mimmiini 1, alue of the coefficient is about but in reality it has been 
ioiin to be higher than unity. Kimstmann found in working princi¬ 
pally with Aspergillus niger that it varied from 1.13 to 3.88 in parallel 
experiiiients in a 5 per cent solution of cane sugar. Ono (i^), on the 
other handj obtained values as high as 6.1 
The lesults obtained by the writers are shown in column 10 of Table 

economic values for Fusarium acummaium 
an . ‘ iicof nJccmosus are vert" much higher than any of those given by 
I..unstmann and Ono,^ being 17.11 and 22.S6, respectively. The five 
ot er organisms are fairly consistent in the amount of sugar required to 
pro uce I gm. of dry substance, all of which, however, are equal to or 
higher than the maximum given by Kunstmarm. In view of these facts, 
It IS quite e^ ident that fungi in general can in no sense be regarded as 
economic users of sugar. In none of the writers’ experiments or in those 
of Kunstmann and Ono has the mininmm value of the economic 
coemcient fallen below unity. 

From the data at hand it is evident that no sweeping generalizations 
can be made for all fungi. Ono showed that the addition of a small 
amoun o- zmc sulphate reduced the “economic coefficient,” and Jost 
points out that the coefficient increases with the progressive develop- 
en o ^ and with an elevatioa of the temperature. Since the 

progressive development of the fungus influences the coefficient, the ele- 
ment of time would have an important bearing on the results. .Although 
y of these expenments were carried out at the same temperature (2<,=C.), 
no doubt the tungi studied did not respond to heat in a similar manner. 

respiratory qcotiext 

fungus material produced for each gram of CO, 
fi) To co,r considerably less than unity (Table I, columi; 

ai mulh H . the extremes, Rhizopu^ trUici formed about four times 

Srimett/nL™ Kunstoann in all his ex- 

pcrimcnts obtained a mucii bio'her i i r .<.1, -a. 

with A,pergiU«s niger 

« ^ ^ cane sugar solution. In 

a few cases considerably more than i o-m 

for ^ -A ^ was produced 

rleS^im™ °K1 ^ -"’''A y^^^stmann’s results are not in even- 

experiments Th 4 %h?tempTa 4 STT*"“^^'^^^^^^ “ 

W the value of thet^^^^^ P-t -PP-red to 

*'' t r^^spiratory quotient.” However, it mav be con- 

ffiat I yp"ri«icntal conditions considerably more 

than I gm. of CO, is given off for each g,am of fungus material formed. 
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These variations are more or less dependent upon the temperature at 
which they are carried out and the length of time the experiment has run. 

DISCUSSION OF RESULTS 
PRODUCTS OF FERMENTATION 

Adcohol. —It is well known that fungi often produce alcohol and 
various organic acids as fermentation products during respiration. If 
the oxidation of the sugar was complete, CO2 and water only would be 
produced, but results obtained by various workers have shown that other 
substances are often formed. An extensive literature is extant on the 
production of alcohol by different fungi in culture, but no attempt will 
be made to review all or any considerable part of it. Suffice it to say 
that the results of Brefeld (2), Fitz (7), and Hansen {8) with different 
species of Mucors, Aspergillus, Rhizopus, and Penicillium, and more 
recenty Kostytschew (12) with Aspergillus niger show that alcohol pro¬ 
duction by fungi is not uncommon. The amount of alcohol produced 
by the different organisms, according to the authors cited, differs with 
the medium used, the temperature, and the length of time the organism 
was grown. Mucor racemosus was found by Hansen to produce as 
much as 7 per cent by volume in 12 months at room temperature, and 
Fitz showed that M. mucedo Bref. would form 0.8 per cent alcohol by 
weight in 7 weeks at a temperature of 30'^C. 

Obviously it is not possible to determine with any degree of accurac}^ 
by present chemical methods just what a fungus does in a solution as 
complex as Czapek's nutrient medium. The writers^ experiments 
showed that alcohol was produced to a limited extent by four of the 
fungi studied—namely, Fusarium acumntaiumf Rhizopus triiicij Diplodia 
iubericola^ and Mucor racemosus. R. nigricans and M. raceinosus were 
shown to be alcohol producers by other investigators, the former to a 
very limited extent, and the latter in considerable quantity. So far as 
the writers are aware, no one has reported the production of alcohol by 
F. acuminatumj R. iritici, or D. tubericola. If alcohol was produced by 
the other fungi it was either utilized by the fungus or formed in such a 
limited amount that it could not be detected by the method employed. 
The results from which the conclusions were drawm, although not un¬ 
qualified proof, were determined by the following method: One hundred 
cubic centimeters of the solution were neutralized with magnesium car¬ 
bonate (MgCOg). Fifty cubic centimeters were then distilled off, and 
from this a 25-cc. fraction was taken. The iodoform test was applied 
to the last distillate. A positive test was obtained in most cases only 
dpon warming. The second distillate in all cases, when the iodoform 
test indicated the presence of alcohol, had a lower specific gravity than 
water. The same tests were carried out with the control solutions with 
negative results. 

36732 ®— 21 <- 3 
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In no case was enough CO^ produced to account for all the glucose 
used upj so that the question of what became of the remainder of the 
glucose naturally suggested ■ itself. Attention already has been called 
to the fact that many fungi produce alcohol in nutrient solutions. Ac¬ 
cording to Jost (ii) a lo per cent solution of alcohol is usually injurious 
to fungi, while a 2 to 4 per cent is usually nutritive. Sclerotium haiaii- 
cola, Penicillimn sp., and Botrytis cinerea did not produce alcohol accord- 
mg to the iodoform test, and yet they used up all or nearly all the glucose. 
While the writers hai^e no proof to offer, it is possible that alcohol was 
formed by these organisms which was utilized by the fungi as a source 
of carbon. 

Positive iodoform tests were obtained for Rhizopus tritici, Diplodia 
fubericola^ Fusarimm acuminatum, and Mucor racemosus, while Botrytis 
cimrea, Scleroimm baiaiicola, and Penicillium sp. gave negative results. 
It will be seen that the last three organisms produced more than i gm. 
of CO2 for each gram of glucose used, while the first group gave off con¬ 
siderably less. The distillate from the solution on which M. racemosus 
grew gave an especially heavy precipitate of iodoform crystals. 

Under the conditions of the experiment Rhizopus tritici and Diplodia 
iubericola produced only a trace of alcohol. A separate experiment was 
conducted to test further the ability of the former organism to form 
alcohol. Flasks were prepared in triplicate, with the same medium as in 
the previous experiments and 10 per cent glucose as the source of carbon. 
All three of the Sasks -were inoculated, tw’o being stoppered with rubber 
corks and one with a cotton plug. A normal grouh:li of mycelium took 
place in the flask stoppered uith cotton, but in the other two flasks the 
m_yceliiim was abnormal in appearance, less luxuriant, and mosth^" sub¬ 
merged. Distillations were made from all the solutions, and as indi¬ 
cated by the iodoform test an abundance of alcohol was formed in the 
flasks stoppered with corks, while onl}^ a mere trace could be detected 
in the flask plugged with cotton. It would seem then that A. triiici 
will produce alcohol much more readily when growing on the niedium 
used in the experiments recorded above when a reduced supply of oxygen 
is available and intermolecular respiration is thereby induced. The 
concentration of the CO2 would be increased also under these conditions. 
Ill the respiration experiment, as indicated by the amount of CO^ pro¬ 
duced per gram of sugar used, it is possible that considerable alcohol 
was formed and possibly a part of it was carried off by the-air current 
continually passing through the flask. However, some of the sugar may 
have gone to form other organic substances. . 

Organic acids.— The nutrient solution with which these experiments 
were conducted was slightly acid at the beginning. In a paper by Wei¬ 
mar and Harter (aj) it was shown that all of these same organisms when 
growing in a 10 per cent glucose s'olutionpncrease the Ph value of the 
solution and some of them to a considerable extent. It has been hither- 
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to shown, by many investigators that fungi frequently increase the acidity 
of the substratum. Wehmer’s (20, 21) work in this direction is signi¬ 
ficant. He found that Aspergillus niger rendered the solution at first 
acid. The acidity (oxalic acid) gradually increased to a maximum and 
declined once more during the next few weeks to zero, the solution 
finally becoming alkaline. The fungus was found to decompose free 
oxalic acid at the higher temperatures. He likewise showed that the 
amount of acid formed w’as not necessarily associated with the quantity 
of fungous growth produced. The acid is found only when the sub¬ 
stratum gives no acid reaction and %vhen the organism is cultivated in 
sugar, proteid, glycerin, oil, and salts of organic acids. Wehmer also 
found that Ciirom-yces glaher Wehm. can utilize the citric acid which it 
has produced. Furthermore, although this organism will tolerate a 
concentration of 20 per cent citric acid, it only produces enough to render 
the substratum 4 per cent acid. In a discussion of his results he calls 
attention to the .fact that the only acids formed by x\spergillus or Peni- 
cillium in notable quantities are oxalic and citric. Botrytis cinerea and 
Rhizopiis nigricans and some other fungi produce oxalic acid only in 
traces and only in a nearly neutral medium. An abundant carbohy¬ 
drate supply and calcium salts, such as calcium phosphate or carbonate, 
favor its production. Ivunstmann {14) found that oxalic acid was pro¬ 
duced in all the media used by him but tliat at the end of the experiment 
it never exceeded 0.05 gm. in 100 cc. of solution. Molliard (ij), however, 
found that Sierigmatocysiis nigra v. Tieg. produced both citric and 
oxalic acid, together or alone in the medium in which saccharose was used 
as the source of carbon. Citric acid was more abundantly produced 
than oxalic, but both increased gradually up to the end of the experi¬ 
ment. The acid production of a large number of species of Penicilliitm 
was studied by Currie and Thom (4), who found that it was formed in 
varying amounts by all of them and in a large quantity by one species 
in particular, Penicillinm oxalicum Currie and Thom. According to 
these investigators the oxalic acid produced is not an end product. It 
reaches its maximum in 8 to 12 days and then declines. The results 
of the writers’ experiments show that in no case was enough CO2 pro¬ 
duced to account for all the sugar consumed. Undoubtedly some of 
the sugar was converted into other compounds, and in this connection 
alcohol, aldehydes, and organic acids suggest themselves as the most 
likely. The presence of alcohol was demonstrated in the culture solu¬ 
tion in ivhich the fungus grew in the case of four organisms and not 
in the controls. In another paper it was shown that these same organ¬ 
isms growing in the solution used in these experiments increased the 
hydrogen-ion concentration. It seems, therefore, that alcohol or acids 
or both may have been produced in the solutions. 
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SUMMARY 

(1) Tlie following fungi can utilize glucose as a source of carbon: 
Fiisarimn acuminahmh Scleroiium bataticolaf Diplodia tubericola^ Pen- 
iciilitim sp.5 Mitcor race’inosus, Botrytis cimrea, and Rkizopiis tniicL 

(2) Pemcillitmt sp., Botrytis cinerea, and Sclerotium bataticola pro¬ 
duced a maximum of a little more than 2 gm. of CO3 in a single day. 
The other fungi formed a relatively small amount. The organisms 
which grew rapidly produced a comparatively small amount of CO3 and 
reached their maximum in a short time after the culture flasks were 
inoculated. In all cases the respiration was measured as long as CO3 
was given off in any measureable quantity. 

(3) The three fungi, Penicillium sp., Botrytis cinerea, and Sclerotium 
bataticola, which grew slowdy, produced a relatively large amount of dry 
material and consumed all or nearly all of the glucose. The reverse is 
true of the other organisms. 

(4) The quantity of COo evolved does not necessarily correlate with 
the amount of dry material formed or with the amount of glucose re¬ 
duced. Some organisms (Muaor racemostis and Fusarium acuminatum) 
which produced a comparatively small quantity of dry material reduced 
a large amount of sugar. 

(5) Three organisms evolved more than i gm. of CO2, the others con¬ 
siderably less, for each gram of glucose reduced. 

(6) The dry weight of material per gram oi glucose consumed is in all 
cases considerably less than unity. 

(7) The “coefficient of respiration” varies from 0,83 to 2.01, the 
“’economic coefficient” from 3.86 to 22.86. The “economic coefficients” 
of Fusarium acuminaUmi and Mucor racemosus (17.ii and 22,86, respec¬ 
tively) are several times higher than that of any of the other fungi studied. 
They are also higher than the values given by other investigators. 

(8) The quantity of COo evolved was not equivalent to the theoretical 
amount that might have been produced from the sugar consumed. 
Other investigators have shown that alcohol is formed by Mucor racemo- 
srn, but the writers have demonstrated for the first time that it is 
produced by Fusarium acuminatum^ Rhizopus iritici, and Diplodia 
tubericola. It' was previously shown by the writers that these same 
organisms when growing in a 10 per cent solution of glucose increase 
the acidity of the solution. It is therefore probable that some of the 
glucose was utilized in the production of alcohol and acids. 
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heritable variations in an apparently 

UNIFORM VARIETY OF COTTON 

By Thomas H. KEAsisnSY ^ 

Physiologist in Charge, Office of Alkali and Drought Resistant Plafd Investigations, 
Bureau of Plant Didusiry, United States Department of Agriculture 

The Pima variety of American Egyptian cotton, which originated with 
a single plant selection in 1910 and of which approximately 100,000 bales 
were produced in 1920, is probably the least variable of commercially 
grown cottons. So great, indeed, is the apparent uniformity that one 
might question the utility of further selection within the variety and of 
roguing seed-increase fields which are not exposed to accidental contami¬ 
nation. The justification of these procedures rests upon proof that 
heritable variations are not infrequent, and the object of this paper 
is to examine the evidence of their occurrence. 

It is possible to measure the results of selection in the Pima variety 
because, fortunately, some of the seed produced by the parent plant of 
1910 had been presented. When plants grown from this seed in 1919 
were compared with the present commercial stock and with a line-bred 
strain it w*as found that although there has been no definite change of 
type the modes for certain characters have been altered by selection. 
Additional evidence of the occurrence of slight but heritable variations 
has been obtained in the course of the breeding and roguing work. A 
much wider variation, outside the normal range of the Pima variety 
but not attributable to recent hybridization, has also proved to be 
heritable. 

EARBY HISTORY OF THE PIIVIA VARIETY 

The Pima variety originated with a plant discovered at Sacaton, Ariz., 
in 1910, in a field of the Yuma variety. The Yuma variety likewise 
originated with a single plant discovered at Y^uma, Ariz., in 1907 in a 
stock of the Mit Afifi variety which had been introduced' from Egypt 
several years previously. The parent plants of both the Yuma and 
Pima varieties were so different from the stocks in which they appeared 
and their progenies expressed the new characters so uniformly that their 
origin was attributed to mutation.® 


^ The writer is indebted to Messrs. Walter F. Gilpin and Robert T. Taylor for the photographs used in 
iiltistrating this paper. 

* Kbarney, Thomas H. mutation in Egyptian cotton. In Jour. Agr. Research, v. a, no. 4, p. 287- 
302, pi. 17-25, 1914. literature cited, pp. 301-302. 

- A PLANT INDUSTRY BASED UPON MUTATION . . . ht JOUr. Heredity, V. 9, HO. 2, p. SX-61, Sfig. 

1918. 

-and Weels, Walton G. a study of hybrids in Egyptian cotton. In Amer. Nat., v. 52, no; 

632/623, p. 491-506, 3 fig. 1918. lyiterature cited, p. 506. 
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No flowers on the original Pima plant were bagged for self-pollination, 
for its Taltiable qualities were not appreciated until a progeny row was 
grown the following year. It was then realized that a new type^had 
arisen which differed in many characters from the Yuma variety. The 
progeny was remarkably uniform in view of the fact that it was grown 
from open-pollinated seed. The immediate progeny of the first Pima 
plant was grown in 1911 adjacent to a planting of the older variety, but 
very little h3^bridi2ation could have taken place, for as far as the record 
shows, all plants in the five progenies which were grown in 1912 from 
selections made in 1911 exhibited only the distinctive Pima characters. 
After 1912 the Pima progenies were isolated from other cottons, but 
controlled self-pollination %vas not practiced in the earlier breeding work 
with this variety.^ 

A single plant selection, No. 5, in the 1911 progeny of the original 
Pima plant w-as the parent of progeny No. 5 which was grown in 1912. 
From a single plant selection, No. 3, in this progeny has descended the 
strain, henceforth referred to as 5-3, of which approximately 250,000 
acres were grown in Arizona and California in 1920. 

COMPARISON OF THE PRESENT COMMERCIAL STOCK WITH THE IM¬ 
MEDIATE PROGENY OF THE PARENT PLANT 

A progeny of 32 plants was grown in 1919 from open-pollinated seed 
of the original Pima plant,^ Plates 48 and 49 show the range of varia-' 
tion in shape and surface of the boll, each plant of the progeny being 
represented, with the exception of No. 5 w-hich wras accidentally omitted.^ 
Plants I to 17 are represented in Plate 48 and plants 18 to 32 in Plate 49. 
Two of these plants showed characters outside the normal range of 
variation of the Pima variety as it now exists. The others appeared to 
be typical in all respects. One of the aberrant plants (PL 48, L) had 
bolls which were conspicuously shorter, broader at the base and near 
the apex, and less pointed than in typical Pima, and which resembled 
the bolls of a first-generation hybrid of the Pima and Gila varieties. 
The other plant, No. 28 (PL 49, K), had bolls that %vere atypical in being 
more slender and less well filled out, and in having a less conspicuous 
“ shoulderand a more deeply pitted surface—characters which dis¬ 
tinguish the Yuma from the Pima variety."^ All of the 28 individuals of 
a progeny grown in 1920 from selfed seed of plant No. 28 produced bolls 
which resembled the Yuma type in greater or less degree. 

Plant No. 28 of 1919 resembled the Yuma variet}’' also in the very small 
amount of fuzz on the seeds, having been, in fact, the smoothest-seeded 

T- Bvidmce has been ofotamed recently that in the Egy^ptian type of cotton most of the ovules are self- 
ertilized.even when no precautions are taken to prevent cross-poEination. 

2 Although the seed was nearly 9, years old, the germination was excellent and the plants made a vigorous 
fgrowth, 

; *Themeasurementsindicate'that plant No. shad bolls which were typical in shape. 

^ Typical bolls of bhc Vuim, Pima, and Gila varieties of Egyptian cotton are shown on PI, 94, lig, 
H. as, fig.ia, in KBSAJOTBy, Thomas H.. op. cit. 1914, 
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of the 32 plants of the Pima parent progenyP The progeny grown in 
1920 showed considerable variation in this character, but a majority of 
the plants had smoother seeds than the average Pima and a few indi¬ 
viduals had almost naked seeds. It is therefore probable that plant 
No. 28 was a first-generation Pima X Yuma hybrid, the original Pima 
plant of 1910 having been surrounded by plants of the Yuma variety. 
It is surprising, under the circumstances, that in a progeny of 32 indi¬ 
viduals only I showed recognizable Yuma characters.^ 

In order to measure the degree of change which might have taken 
place as a result of several years of selection in the Pima variety, the 
progeny of the parent plant grown in 1919 was compared with an equal 
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Fiq. I. —Pedigree of progenies, progeny groups, and strains of the Pima variety of American Egyptian 
cotton. Each progeny is from an individual plant selection of the preceding year. As here used, the tenn 
‘' progeny group ’' comprises the progenies of sister plants of the preceding year and the term * ‘ strain ’ ” com^ 
prises all lines derived from the same progeny group. 

number of plants taken at random in the commercial stock of strain 5-3 
and of two progenies (YiA and Y2x\) derived from the same strain by 
five generations ot controlled self-fertilization. The ancestry of these 
selfed lines is indicated in figure i. For the sake of brevity, the three 
populations will be referred to hereafter as “parent progeny,” ‘*5-3 
bulk,” and *‘5-3 selfed.” All were grown under conditions of soil, 
irrigation, and spacing which -were as nearly as practicable identical. 


^ The apparent dominance of a less fuzzy over a more fuzzy condition of the seed coat in this presumable 
first-generation hybrid is exceptional, since according to Balls (Balls, W. Eawrence. soms cytological 
aspects OEf cotton-breeding. /« Amer. Breeders’ Assoc. Ii.pt, 190S, v. 5, p. iS. 1909.) ‘Tittle fuzz” is 
dominah- over ”no fuzz” and “entire fuzz” is dominant over “little or no fuzz”. Similar relations are 
reported by McLendon (McLendon, C. A. mendelian inheritance in cotton hybrids. Ga. Agr. Exp. 
Sta. Bui. 99, p. 169. 1913.). It has been the writer’s experience that in hybrids between Egyptian 
varieties with partly fuzzy seeds and Upland varieties with completely fuzzy seeds the first generation 
has completely fuzzy seeds. 

^ Progenies comprising from 22 to 34 individuals were grown in 1920 from selfed seed of s plants of the 
“parent” progeny of 1919, and the leaf and boll characters listed in Table I were determined for all plants 
of each progeny. Comparison of the means of these progenies with the means of selfed and open-pollinated 
stocks of strain 5-3 showed no important differences, mccept that the mean boll diameter and boll index 
(diameter as a percentage of the length) of the progeny of plant 28 were significantly smaller than in any 
other progeny or strain of Pima on which these characters were measured in 1920. Comparison of the 
coefficients of variation for the several characters showed that progeny 28 was decidedly more variable 
than the other granddaughter progenies of the parent Pima plant, as would be expected if this progeny 
represented the second generation of a Pima X Yuma cross. 
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Measurements were made on one leaf and one boll of each plant/ 
endeavor having been made to select in each case a leaf and a boll which 
had developed normally and which appeared to be typical of the plant 
in question. Seed cotton was collected from 5 open-pollinated bolls on 
each plants and the fiber on one seed from each boll was combed out and 
measured, the average of the 5 determinations being taken as the length 
of fiber for the plant in question. The seed cotton was then weighed and 
ginned, the weight of the fiber and the number of seeds iii the sample 
were determined, and the lint index (weight in grams of fiber per 100 seeds) 
was calculated from the resulting data. Finally, the seeds were graded in 
respect to fuzziness by matching with a set of types representing the 
total range from the smoothest (grade i) to the fuzziest (grade 7) condi¬ 
tion of the seed coat. Table I shows for the 12 characters the means 
and coefficients of variation of the three stocks. 

I .—Means mzd coefficients of variation for 12 characters of a progeny of the parent 
plant of the Pima variety, of a {contimiotisly open-pollinated) populatmi^of 

eitain 5-j, and of a line of the same siram vshich had been strictly selfferiilized during 
five generations 


Means. 


Coefficients of variation.^ 


Character. 

Parent. 

Bulk. 


SeHed. 

Parent. 

Bulk. 

Selfed. 

Leaf length (cm.)^ 

i69±i 

. 14 

164212. 

27 

1671b I. 

41 

s- 

4 ±o 

47 

II. 

I i 0 

.96 

6. 

BfirO 

59 

Leaf width (cm.)®. 

2i9ri:2 

.71 

2 i 4 i 3 - 

.S 3 

229db2 

09 

9 - 

9 ± 

86 

13 - 

2±I 

•IS 

7. 

3 ± 

64 

heaf index ^ . 

129+ 3 

• 37 

1304 : 1 . 

35 

137 ± I 

II 

8. 

s± 

74 

8. 

3 ± 

.72 

6. 

5 ± 

56 

Leaf vein angle . 

106 ± I 

•37 

I04i:l 

42 

Ii 4 ±i 

15 

10. 

3 ± 

90 

II. 

o± 

.96 

8. 

li 

70 

Leaf lobe index®.. 

26B±2 

. 06 

261 ± I 

64 

2S4±2 

38 

6. 

i± 

S 3 

S- 

o± 

•44 

6. 

8± 

59 

Leaf extension 













index " . 

19-s± 

•37 

17. i± . 

,46 

20. 5rb 

40 

IS- 

2±I 

32 

21. 

Sii 

.87 

IS- 

S±i 

35 

Boll length (mm.) 

46. si 

. 24147. 

21 

47. o± 

23 

4. 

4 ± 

40 

3 - 

7 ± 

•31 

4. 

i± 

35 

Boll diameter 
















(mm.)®. 

27.3^: 

. 14 

26. 92: 

oS* 

27. 9 ± 

07 

4. 

2 ± 

3 S 

2. 

6± 

. 22 

2. 

i± 

18 

Boll index ® . .. . . 

59 - 2 ± 


. 57 * 3 i 

. 28 

59 - S± 

33 

4. 

6 ± 

39 

4. 

oi 

•34 

4. 

6 ± 

39 

Fiber length (mm.)! 

40. Sdr 

■ 1*9 

44 * 

I2| 

42 . 9 ± 

12 

3 * 

s± 

32 

2, 

2 ± 

. 19 

2. 

4 ± 

20 

Lint index (gm.). 

4 - 

. 06 

S- 6 rb 

o 5 | 

4 - 5 =c 

06 

13. 

2±1 

II 

7 - 

9 ± 

• ^7 
.04 

II. 

i± 

94 

Seed fuzziness.... I 

i 

3. 8i 

.17 

4. i± 

o 6 i 

4 - 7 i 

II 

I. 

4 ± 

12 


5 =b 

i 

9 ± 

08 


i In the case of seed fuzziness (graded) the standard deviations are compared. For all other characters 
the comparison is of coefficients of variation. 

® M'easured from, base of midvein to tip of central lobe. 

^ Measured from tip to tip of the principal lateral lobes. 

« Width as a percentage of the length, instead of length as a percentage of the width, the value used in the 
paperby Kearney and Weils, cited on p. 227. Thenewleaf index is the reciprocal of the old, nmltipiied by 
10,000.- 

6 "Width (ha degrees) of the angle formed by the principal lateral veins. 

® heaf length as a percentage of the distance from the base of the midvein to the bottom of the upper 
right hand sinus. A deeply lobed leaf has a high lobe index and vice versa. 

^ I„mgth of the basal actension. of the blade, below a line bisecting the base of the midvein at a right angle 
to the latter, ^as a percentage of the length of the leaf. 

8 At the point o! greatest diameter. 

® Maximum diameter as a percentage of the length, instead of length as a percentage of the diameter, the 
value used in the paper by Kearney ahd Wells, cited on p. 227. The new boll index is the reciprocal of the 
old* multiplied by 10,000. ' 

7' Tlie coefficients of variation of the parent progeny, as compared with 
^ those of the 5-3 bulk, were higher, in 8 and lower in 4 of the 12 characters; 

. i Since only 30 plants of the parent progeny had leaves in good condition for measurement, the 

.leaf chaweters were determined on only 30 plants in the other Theboll, fiber,andseed charac- 

to® ver® determine plants.of teach sback,' .The leaf characters ”w®re measured on selfed progeny 







May i6» 192Z 


Heritable Variations in Cotton 


231 


and as compared mtk the selfed line tliey were liigber in 8 and lower in 3 
characters. If we regard as significant only such differences as amount to 
at least three times the probable error, the parent progeny was significantly 
more variable than the bulk stock in 4 and significantly less variable in i 
of the 12 characters. As compared with the selfed population, the 
parent progeny was significantly more variable in 3 and significantly less 
variable in none of the characters. 

The high degree of homozygosity apparently attained by the commer¬ 
cial stock as a result of simple selection without controlled selling is indi¬ 
cated by the fact that five generations of controlled selling has rendered 
the ‘'selfed'' line significantly less variable than the “bulk'' stock in only 
2 of the 12 characters, w^hile in i character it is significantly more variable. 
No significant difference in variability is shown in respect to the 9 remain¬ 
ing characters. 

FIBER AND SEED CHARACTERS OF THE PARENT PROGENY AND OF 
THE PRESENT COMMERCIAL STOCK 

Especial interest attaches to the characters fiber length, lint index, and 
seed fuzziness because of their practical importance and because since the 
commencement of the breeding work with the Pima variety attention liaS' 
been focused upon increasing the length and abundance of the fiber and 
obtaining a high degree of uniformity in these characters. An indication 
of what has been accomplished along these lines is afforded by the fre¬ 
quency distributions in Table IL The maximum and minimum length 
of fiber, abundance of fiber, and fuzziness of seeds of the parent progeny 
and of a corresponding number of plants of the commercial stock are 
represented in Plates 50, 51, and 52. 

Length of fiber. —It is e\ddent from the data in Tables I and II 
that the immediate progeny of the parent plant of the Pima variety 
was much more variable in length of fiber and had a significantly lower 
mean for this character than a random sample of the present commercial 
stock of strain 5-3. This strain, as indicated in the pedigree shown in 
figure I, was derived from a granddaughter of the original Pima plant, 
selected in 1912 largely on the basis of its superior length of fiber. The 
difference between the means of the ^'parent" progeny and of the bulk 
stock was,3.8 mm.,, hence more than H inch, and the difference w^as 17 
times greater than its probable error. The selfed line of strain 5-3 was 
almost intermediate in length of fiber between the ^'parent progeny" 
and the ^'bulk," its mean differing from those of the other two popula¬ 
tions by amounts equivalent to 9 and 10 times the probable error of the 
differences. The ancestors of this closely inbred line, beginning with 
plant Pi in 1914, had not been selected with reference to this character 
and would seem to have represented very nearly the minimum potenti¬ 
ality of strain 5-3 in respect to length of fiber. The coefficients of 
variation of the hulk' and selfed populations do not differ' significantly^^ 
but both were significantly less variable than the parent progeny.'' 
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Table 11 .—Frequency disiribuiions for the characters fiber length, lint index, and seed 
fuzziness cf a progeny of the parent plant of the Pima variety, of a ''bulk” (contin- 
MOM'Sly open-pollinated) population of strain q-j, and of a line of the same strain which 
was strictly self-fertilised duruig five generations, each population containing ys plants 

FIBER LENGTH 


! 37 

38 ; 39 i 40 i 4X , 42 J 43 

^ s . 

44 , 45 i 4<5 

47 

1 miG. 

mm:' roiu.; mm.l jntn. mm.* mm. 

intn.' mm .1 mm. 

mm. 

Parent pmcrpnv.. J t 1 

3 2 i 6 hi ; s I I 

2 j 1 1... . 


5-”3 bulk. i.... k ... ^ 

0 I"? 1 4 

I 

selfed. ....L .. J 

1 , ! 1 ! 

1.! 2 ^ 2 i A \ tz 

V 1 *0 j *»■ 


1 

1 i i i f i 

w 1 ^ 1 . . . . 

i 



LINT INDEX 



! ! 1 

1 Grade : Grade | 

Grade t Grade 

Grade ! Grade 

Grade 

1 1 

1 ■■■ ■ , ■ 

2. 

3. j 4. 

S* j 6 . 

7. 

1 

Parent progeny. ' i ; 

c 

i 

1 7 1 Si 

Si 3 


5-3 bulk. i . ' 

1 

* 1 ® 1 
2'? i 

s ^ 


5“3 selfed.!. ^ 


0 t 1 

1 1 13 j 

13 j 3 

a 


, Quality of fiber. —no quantitative data on this point are 
available, it seemed evident in examining the samples of fiber from the 
individual plants of the three stocks that those of the parent’^ progeny 
differed more among themselves in smoothness, luster, and color than 
did the plants of the stock and of the selfed line. The smooth¬ 

ness or silkiness of the fiber also seemed to average higher in the two 
latter populations. Selection, therefore, would seem to have resulted in 
raising the mean of this character and in reducing its variability. 

Lint index. —^The abundance of the fiber, as expressed by the mean 
weight of fiber borne by loo seeds, averaged 36^^ per cent greater in 
the ^*biilk,” or commercial stock of the variety, than in the progeny of 
the original Pima, plant. The difference between the means is very 
significant, amounting to 19 times its probable error. There had been 
also a significant reduction in variability, the coefficient of, variation 
index of the ^*bulk’' stock being lower than that of the parent*'" 

, progeny by an amount equivalent to more than 4 ,timeS' the' probable, 
error ^ of the difference. ' Since increase in the abundance of fiber on the 
seed, like, incre^e in length,of,, fiber, has been one of the principal 
-^rives-'of: the breeding work with the Hma varietyj, is 
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note this evidence of the progress attained. On the other hand, the 
selfed line, the immediate ancestors of which had not been selected with 
reference to this character, had a much lower mean and a higher, though 
perhaps not significantly higher, coefficient of variation for lint index 
than the bulk population of the 5-3 strain from which it was derived. 
In this character, also, five generations of controlled self-fertilization 
apparently had resulted in no further progress toward homozygosity, 

Fuzzini^ss of seeds. —In the earlier years of breeding work with the 
Pima variety no especial attention was given to this character. Conse¬ 
quently it is not surprising that the “bulk” stock, as compared with 
the parent progeny, showed no significant difference in the mean amount 
of fuzz on the seed. On the other hand, the variability had been sig¬ 
nificantly reduced, the standard deviation of the bulk stock being lower 
than that of the parent progeny by an amount equal to 7 times the 
probable error of the difference. The selfed line had a mean fuzziness 
which was significantly greater than that of both the “bulk” stock and 
the parent progeny, the difference in both cases being about five times 
its probable error. The selfed line was significantly more variable in 
seed fuzziness than the bulk stock but was significantly less variable 
than the parent progeny. It is e\ddent that the selfed line had been 
unconsciously selected towards the upper limit of fuzziness represented 
in the immediate progeny of the parent plant of the Pima variety. 
Fuzziness is a marked disadvantage from a practical point of view, the 
separation of the fiber by the type of gin used for this very long staple 
cotton being much more easily effected with smooth than with fuzzy 
seeds. The frequency distribution of the parent progeny indicates that 
selection of a strain having smoother seeds than the present commercial 
stock of Pima is well within the limits of possibility.^ 

EVIDENCE OF THE OCCURRENCE OF HERITABUE VARIATIONS OB« 
TAINED IN ROGUING 

The Yuma variety of American Egyptian cotton was grown by Arizona 
fanners previous to the introduction of the Pima variety. In 1914, 
1915, and 1916 fields of this cotton were logued by agents of the United 
States Department of Agriculture, in cooperation with the Salt River 
Valley Egyptian Cotton Growers^ Association, in order to supply seed to 
be increased for planting the commercial acreage. The total number of 
plants in the fields rogued during the three years was rather closely esti¬ 
mated as 2,290,000, of which (by actual count) 23,537, 
were removed as being off-type or otherwise undesirable. The work 
involved a rapid examination of every plant in the area rogued and 
thus afforded an excellent opportunity for judging the state of uniformity 
of the variety. 

This is true even il we leave out of consideration the single plant (No, sS) which, fails into grade i,, this 
having 'been, in all probahEity» a first-generation Fima X Yuma hybrid. 
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vidiials taken at random in a field planted with ordinary ‘'gin run” seed 
of Yuma cotton. Of these, 117 were classified as true Yuma, while 7, 
or 5.5 per cent of the total, were classified as distinctly oS-type. Pro¬ 
genies grown in 1916 from selfed seed of the off-types and of plants 
regarded as typical Yuma proved to be, in most cases, remarkably 
unifonn in the stem, leaf, and boll characters which had distinguished 
the parent individuals. A form which appeared to be analogous to the 
so-called ‘"bull-stalk” variation in Sea Island cotton, characterized by a 
tall stem, long internodes of the axis and fruiting branches and rather 
stiff, semi-erect leaves, was so frequent as to be included within the 
normal range of variation of Yuma cotton, although this type also 
proved to be heritable. 

Cooperative roguing was carried on during and after the substitution 
of the Pima for the Yuma variety. In 1916, 1917, 1919, and 1920 an 
estimated total of 3,600,000 plants were examined; and, by actual count, 
10,221 plants, or 0.28 per cent of the total number, were removed from 
the seed-increase fields of the Pima variety. There was little variation 
in the amount of elimination from year to year, the figures having been 
0.21 per cent in 1916, 0.42 per cent in 1917, 0.20 per cent in 1919, and 
0.20 per cent in 1920. Although the roguing was much more rigorous 
than that practiced with the Yuma variety, the percentage of the total 
plants which were removed from the Pima fields in all four years was 
less than one-third as great. Most of the Pima “rogues” departed so 
little from the type that they would have been disregarded in roguing 
a field of the much more variable Yuma. A large majority of the plants 
removed were merely sickly or more or less sterile. Indisputable evi¬ 
dence was therefore obtained that the closer line-breeding which had 
been practiced from the beginning with the Pima variety had resulted 
in the development of a much more uniform stock. 

The most distinct off'-types in the Pima fields, in addition to a fe'w very 
aberrant individuals of which the characters indicated hybridization 
with some other variet}" of cotton, were either tall, vigorous individuals 
having exceptionally long internodes (the “bull-stalk” type) or stiff, 
slender, grayish plants having semierect branches and leaves, the leaves 
being narrower, more deeply lobed, and *with more incurved and undulate 
margins than in t3'pical Pima. Both of these forms had their counter¬ 
parts in the older Yuma variety, and it seems not improbable that they 
arise by recurrent mutation or recombination in all varieties of Egyptian 
cotton. Variation in the shape of the bolls was much less frequent and 
extreme' than in the,Yuma variety, but a few of the plants had shorter 
'and less pointed, or' longer and more taper pointed, bolls than in typical 
P'ima. 

In a ,bulk' .field of Pima cotton, at Sacaton in 1917 certain individuals 
,^were^ selected as slightly off-type. ■ Flowers^were bagged on these plants, 
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and progenies were grown in 1919 from the resulting selfed seed. One 
of these progenies resembled the parent individual in having the surface 
of the boll more deeply pitted than in typical Pima. Another progeny 
showed a tendency to produce shorter and plumper bolls than the Pima 
while a third progeny showed the “bull-stalk” habit as well as a 
tendency to produce short, plump bolls. So far as this evidence goes it 
indicates the inheritance of slight variations in the Pima variety. 

The recognition of these various types is always easiest in a well- 
grovTi field of cotton. If the plants are either too rank or too stunted, 
the variations are more or less masked. Certain soil conditions appear 
to favor the expression of a certain type. Thus, fields have been ex¬ 
amined where the growth was subnormal and where all the plants showed 
a tendency to the stiff, grayish form which in most fields occurs scatter- 
ingly among plants of normal habit and color. On the other hand, 
where the growth is very rank, the “bull-stalk” type can scarcely be 
recognized. 

EVIDBNCB OF THE OCCURRENCE OF HERITABLE VARIATIONS 
OBTAINED IN LINE BREEDING 

The records of the breeding work (selection) which has been carried 
on with the Pima variety since its origin in 1910 have been scanned for 
evidence of the occurrence of heritable variations. Unfortunately the 
stem, leaf, and boll characters had not been recorded systematically, but 
a few data based upon careful measurements are available. The type of 
plant which has been kept in mind as the ideal in breeding work mth the 
Pima variety is shown in Plate 53. It is characterized by the absence 
of vegetative branches and by the development of good fruiting branches 
from near the base to the summit of the axis. The relationship of the 
various strains and progenies mentioned in the following pages is shown 
in figure I. 

In 1914 two groups (5-3 and 5’--i3), descended from sister plants in 
progeny No. 5 of 1912, were compared vrith respect to certain stem and 
branch characters and showed significant differences, as given in Table 
III. 


Tabi.^ III.— Means for stem and branch characters in hvo lines of the Pima variety grown 

in igi4 


Character. ! 

Group 5-3 
(24 plants 

Group 5-13 
(26 plants). 

Differences 
between means. 

Axis length (cm.)... 

17S. o± I. 5:5 

40. 5 ± -34 

44- o± . 33 
i 102. 3 ±10. 76 

194 - 5 ± 2. II 

1 42..43 
45 ' • 2S 

172. 4±i2. 88 

16. 5± 2. 62 
2 ' 3 ± *SS 
I. 5 ± .41 
70. I ± 16. 80 

Axis intemode number. 

Axis intemode length (cm,)^. 

Limb index ..... 


1 Value for each plant obtained by dividing the length of the as:is by the number of iiitcmodes. 
” Aggregate length of vegetative branches divided by length of axis. 
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In 1915 the two strains, as represented by progeny groups and 

7^ were fnrtfier compared in regard to length of axis and develop- 
meiit of the vegetative branches, ^^ith the results given in Table I\. 

TablS IV,— Means for axis Imgih and limb index in tiz'o lines of the Pima variety grown 

in igiy 


Character. 

Group 5-3-10 
(35 plants). 

. 

Group 5-13-7 
(15 plants). 

Differences 
between means. 

Axis length (cm.). .. 

Limb index. 

! i 4 Sir I. 28 

1 115-12.30 

lyddi 2, 96 

1 144^:12.56 

2Si 3.23 
29±i7. 60 


The differences in the means for axis length and limb index are in the 
same direction as those for strains 5-3 and 5-13 in 1914, but the differ¬ 
ence in limb index in 1915 was less than twice its probable error. This 
character, however, is extremely sensitive to environmental influence, 
and it is a fair assumption that the two strains are genetically different 
in respect to both the length of the axis and the development of the 
vegetative branches. 

The records for 1914 permit comparison of still more closely related 
lines. In that year progenies were grown of several plants which had 
been selected in progeny 5-3 of 1913. One of these progenies (5-3-4) 
was noted as being very uniform and very distinct from the others, the 
plants having been stiff and open looking, vith long fruiting branches, 
long intemodes of the axis and fruiting branches, and rather stiff leaves 
which were deeply and narrowly lobed. This description recalls the 
“bull-stalk” type which tvas encountered frequently in roguing the seed- 
increase fields, except that the plants were not noticeably taller than in 
the other progenies. The differences in stem and branch characters, as 
compared wdth the progeny of a sister plant (5-3-10), are shown by the 
data in Table V. 


Tabi^B V .—Means for stem and branch characters of two progenies from sister plants, 

grown in igz4 


Character. ! 

1 

Progeny 5-3-4 | 

(12 plants). ! 

Progeny S-3-10 

1 (ii plants). j 

! 

Differences in 
the means. 

Axis length (cm.). 

183.0^1.80 
38.od: .25 
48.2± .35 j 
1 63,2^:1.19 1 

179.0^:2.19 
4 ^. 2 ± .39 
i 43 - 5 ± '^66 

i 56 - 5 ± -78 

1 

4.0^2.83 
3.2± .46 
4 . 7 ± .75 
6. 7 ± 1 .42 

Axis intemode number. 

Axis intemode length (cm.)... 

Fruiting branch length (cm.). 



Progeny 5-3-4 had significantly fewer and significantly longer inter¬ 
nodes of the axis and significantly longer fruiting branches than progeny 
5-3-10, the differences having been, respectively, 6.9, 6.3, and 4,7 times 
their probable errors. 










May i6, igar 


Heritable Variations in Cotton 


237 


Two plants, selected in progeny 5--3-10 of 1914 and designated 5“3-io-'4 
and 5“3 -io~- 6, gave rise to strains of which progenies were grown in 
1916, 1917, and 1918. Measurements of the weight of seed cotton per 
boll, length of fiber, lint index (weight of fiber per 100 seeds), and fuzzi¬ 
ness of the seeds were made in each year upon plants of each strain. 
Consistent and significant differences were found only in regard to the 
character seed fuzziness. The means of the grade numbers of the indi¬ 
vidual plants are given in Table VI. 


TabliS VI .—Means for seed fuzziness of two closely related lines of the Ptma variety^ 
grown in igi6j iQiy, and igi8 


Group or strain. 

1916 

1917 

zgiS 

Number of 
plants. 

1 

Mean 
grade. ? 

Number of 
plants. 

Mean * 

grade. i 

Number of 
plants. 

Mean 

grade. 

. 

16 

3.9±O.II 

47 i 

3.2±:0.I7 i 

71 

i 

3 - 3 d=.o.io 

5-3-10-6. 

29 

4-4i *11 

1 35 i 

3 - 8 ± .13 

28 

4-3± -10 

Difference. 

! 

' . s; i . I 'ss 

1 . 

,6i .226 


i.o± .142 


1 


j........ 




Strain 5-~3--io-6 is consistent in having had fuzzier seeds in each of the 
three years, although the difference in 1917 was scarcely significant. 
This case affords clear evidence of a slight but heritable difference be¬ 
tween two lines which are very closely related, and of which the common 
ancestor (plant 5-3-10 of 1913) represented the third generation of line- 
bred descent from the parent plant of the Pima variety. 

inheritance of an increased number of boee eocks 

The boil of Pima cotton has usually 3 locks or carpels, although 4-lock 
bolls are borne by nearly all plants of this variety and bolls having 2 or 5 
locks are met with occasionally. There is much individual variation in 
the proportion of 3-lock and 4-lock bolls. With a view to ascertaining 
whether such differences are heritable, several plants which had more or 
fewer 4-lock bolls than the average were selected in 1917 in an increase 
plot of a selected strain of Pima. Progenies of three such plants were 
grown in 1918 from seed produced by open-pollinated flowers. Table 
VII gives the percentages of bolls with 4 locks, all bolls on all plants in 
each progeny having been taken as one array in computing the percentage 
and its probable error. 


TabIvU VIL —Percentages of 44ock bolls in the progenies of individual plants selected in 

my 



Number 

Percentage of 

progeny. 

of plants. 

4-lock bolls. 

No. 2 (from parent with few 4-lock bolls). 

19 

4. 6±. 031 

No. I (from parent witli many 4-lock bolls)... 

22 

S- 9±-33 

No. 3 (from parent with many 4-lock bolls). 

! ^ 

10. s±. 67 


S 6732 ®—21- i 
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The diSerence as between progenies 2 and i was barely three times its 
probable error^ while as between progenies 2 and 3 it was more than six 
times its probable error. 

Progenies were grown in 1919 from selfed seed of one plant in progeny 
No. 3 and of two plants in progeny No. i of 1918, In two of the 
progenies of 1919^ flowers on a few plants were selfed and progenies from 
the resulting seed were grown in 1920. The percentages of 4-lock bolls 
on the plants of these progenies and on plants taken at random in a 
neighboring plot of bulk Pima, in both years, are given in Table VIII. 


Table VIII .—Perceniages of 4-lock bolls m iQig afid igso in ike progenies of plants 
selected for a high percentage of such bolls and in ‘‘hulk'' plantings of Pima cotton 


Material. 

1919 

Material. 

1920 

Num¬ 
ber of 
plants. 

Percentage of 
4-lock boils. 

Num¬ 
ber of 
plants. 

Percentage of 
4-lock boils. 

4 -lock progenies : 

^-3 . 

1-5 . 

3-3 .1 

Combined. . .. j 
Bulk Pima.! 

n 

20 i 

5 

3S 

38 

8 . s±o. 65 

S. 7 dr .54 
10. 9dr . 87 

9 ' .37 

4-2= .27 

4-lock progenies: 

! 1--3-12. 

3 - 2-4 . 

3-2-5. 

Combined. 

Btilk Pima. 

45 

39 

42 

126 

50 

9. 2±0. 36 

22. 0± . 62 

23. 3± . 60 
17- *30 

S- 3 =b .29 


The descendants of plants w^hich had been selected as showing a ten¬ 
dency to increased number of locks gave, in both years, significantly 
higher percentages of 4-lock bolls than plants taken at random in the 
general stock of the Pima variety.. In 1919 the difference in favor of the 
4-lock progenies was 10 % times and in 1920 it was 28 yi times its prob¬ 
able error. In all three years (1918 to 1920) the descendants of selection 
No. 3 of 1917 gave a higher percentage of 4-lock bolls than the descendants 
of selection No. i. These facts indicate clearly the heritable nature of 
this variation. 

There can be little doubt, therefore, that a strain having a materially 
higher percentage of 4-lock bolls could be developed by selection, although 
the practical importance of such increase in the Pima variety would 
seem to be small Determination by Mr. W. G. Wells in 1919 of the 
mean w’-eight of seed..cotton per boll in 100 3-Iock and 100 4-lock bolls 
showed that the latter averaged only 10 per cent hea\fler than the 
former. Similar determinations by Mr. W. V. Gilpin in 1920 on 50 bolls 
of each lock number showed a difference of only 7 per cent in favor of the 
4-lock bolls. Hence, even if it were possible to develop a strain of Pima 
cotton in which all the bolls w-ould have 4 locks, the increase in yield of 
fiber and seed would not be likely to exceed 10 per cent. 
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INHERITANCE OF SPOTEESS OR FAINTEY SPOTTED PETAES 

The variations which have been considered thus far are so slight that 
in the absence of evidence of their heritability, they would be regarded 
as mere fluctuations. Especial interest attaches to a variation which is 
outside the normal range of variation not only of the Pima variety but 
of the Egyptian type of cotton. 

Inspection of the 4-lock progenies in 1919 revealed the surprising 
fact that in all plants in these three progenies there was either total 
absence or very faint development of the dark red spot near the base of 
the petal which is so marked a characteristic of the Pima variety and of 
Egyptian cotton in general. In this respect the 4-lock plants contrasted 
strikingly with all other Pima progenies in the same field as well as with 
the bulk stock of this variety grown in adjacent fields. Although there 
is appreciable variation in the size and in the intensity of color of the 
petal spot in Pima cotton, no such approach to complete absence of the 
spot had been obsen^^ed hitherto except in plants which were ob^dously 
hybrids with Upland cotton. 

The 38 plants of the three 4-lock progenies in 1919 were graded by 
Mr. W. G. Wells with respect to degree of development of the petal spot, 
grade 8 indicating the extreme development in typical Pima cotton and 
grade o indicating complete absence of the spot, as is the case in most 
varieties of American Upland cotton (Gossypium kirsuium L.). Two or 
three flowers were separately graded on each plant, and the averages of 
the resulting grade numbers were used in computing the mean for the 
entire population, which was i ± 0.04 as compared with a mean of 
7*5 ±0.19 for a Pima population of 13 plants which had normally de¬ 
veloped petal spots. Of a total of 106 flowers examined, in the 4-lock 
progenies, 16 on 14 different plants showed no trace of a petal spot, and 
none of the flowers was graded higher than 2. 

Four progenies, descended from two of the individuals which were 
selected in 1917 ^ for a high percentage of 4-lock bolls, were grown in 
1920. Ten flowers on each plant in these four progenies were graded 
by the writer with respect to the degree of development of the petal spot, 
and the progeny means were computed from the mean grade of the 10 
flowers per plant. The results are stated in Table IX. 


Tabl:^ IX ,—Mean grade of petal spot dei-elopme-ni in the 4-lock progenies of ig20 


Progeny. 

Num¬ 
ber of 
plants. 

Number of 
flowers. 

Mean grade of 
petal spot. 


IS 

45 

g8 ' 

150 
4 SO \ 
g8o ! 

I. oio. 06 


I. Orb . 04 
. 9 ± .04 

. 9± .03 


g—2—< . 

42 

420 

0 * 0 . . .. 




^ It is a remarkable cotncideace that of t-wo individuals which were selected as having a high percentage 
of 4-lock bolls, although at the time of selection this peculiar character of the flowers was not noted, the 
descendants have shown themselves to be alike in the subnormal development of the petal spot, Asitis 
inilikely that this character ■would have been overlooked if it had been common to all plants of the strain 
in which these selections were made in 1917, the most probable explanation of the coincidence is that the 
two individuals in question were sisters. , ■ ' 
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Of the 1400 flowers which were examined in these four progenieSj 459^ 
or 33 per cent, showed no trace of a petal spot, and 165, or 12 percent, 
showed only the faintest discernible trace. Only 2 7 flowers were graded 
No, 3, and only 4 flowers were graded No. 4, the highest grade which was 
represented. None of the plants showed total absence of the spot in 
all 10 of the flowers which were examined, but on i plant each in pro¬ 
genies i“3“2 and 3-2-4, 9 of the flowers showed no trace of the spot 
and the tenth flower showed only a faint trace (grade i). 

The range of variation in petal spot development shown by the great 
major!t}" of the 4-lock plants in 1920 (from o to grade 2) as compared with 
the normal development in Pima, the total absence of the spot in the 
HoMon variety of Upland cotton, and a somewhat subnormal develop¬ 
ment in the first generation of a hybrid between Pima and Holdon, are 
illustrated in Plate 54. 

The strongly hereditary nature of this variation is shown by the 
absence or slight development of the spot on all plants of the three 
progenies in 1919 and of the four progenies in 1920, whereas in both 
years all other stocks of the Pima variety which were growing in the same 
field and on which observation of this character was made showed a 
normal development of the petal spot. 

In regard to other color characters of the flowers, the petals on every 
plant in the 4-lock progenies in 1919 and 1920 had the full lemon-yellow 
color and the anthers had the full orange-yellow color which is charac« 
teristic of Pima, and in all other characters, excepting the greater number 
of 4-lock bolls and the absence or very slight development of the petal 
spot, no appreciable departure from the type of the variety was observed. 

The tendencies to increased lock number and to disappearance of the 
petal spot in these lines suggest that there may have been non-Egyptian 

blood'’ in their remote ancestry. In most varieties of American Up¬ 
land cotton, as well as in the Hindi or “Weed cotton” of Egypt,t 
4-lock bolls predominate and the petal spot is absent. There had been 
no opportunity for hybridization with either of these types subsequent 
to the origin of the Pima variety, but the possibility is not excluded 
that the factors in question were introduced through the Yuma ances¬ 
tors of the Pima parent, the Yuma variety having perhaps received 
them from its Mit Aflfi progenitors. 

This association of very weak development or total absence of the 
petal spot with a relatively high percentage of 4-lock bolls suggests the 
existence of a negative correlation between petal spot and mean lock 
number. Within the 4-lock populations, however, no significant corre¬ 
lation could be detected; and in the second generation of a hybrid be¬ 
tween Eg3nptmn and Upland cottons, of which 180 plants were grown at 
Sacaton in 1919, this pair of characters proved to be uncorrelated, the 

i Cook, O, F. btotoi cotton in bgwt, U. S. Dept* Agr. Btir. Dkat ladtis. Bui. ajo, 58 p.. 6 pL X911. 
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coefficient of correlation having been o.oi±o.05. The means of 22 
progenies of the third generation of this hybrid, grown in 1920, showed 
a positive rather than a negative but not a significant correlation, the 
coefficient having been 0.22 ±0.14. The absence of a significant and 
negative correlation between these characters in the second and third 
generations of a knovm hybrid between Egyptian and Upland cottons 
would be evidence, if evidence were needed, that the association of a 
high percentage of 4-lock bolls with great reduction of the petal spot 
in these Pima lines is not attributable to recent hybridisation with Up¬ 
land cotton. 

SUMMARY 

Evidence is presented in this paper of the occurrence of heritable 
variations in the Pima variety of American Egyptian cotton, which is 
probably the most uniform variety of cotton now grown on an ex¬ 
tensive scale. 

Comparison of a progeny grown from seed of the parent individual of 
the variety with the present commercial stock proves that there has 
been significant improvement in the length and abundance of the fiber, 
as well as in the uniformity of these characters. This is shown by com¬ 
parison of the means and coefficients of variation (Table I) and of the 
frequency distributions (Table II). 

Indications of the occurrence of heritable variations have been ob¬ 
tained in roguing fields of the Pima variety, although the variations 
are much less numerous and are of much smaller magnitude than those 
which were observed in fields of the older Yuma variety. 

The records of the breeding work with Pima cotton supply addi¬ 
tional evidence of the occurrence of slight, heritable variations, 
none of which could be considered as outside the normal range of varia¬ 
tion of this variety. They indicate, however, that something may be 
accomplished by selection in regard to characters of practical importance. 

A much more striking variation, characterized by the complete or 
nearly complete absence of the dark red spot near the base of the petal, 
associated with an increased percentage of 4-lock bolls, was found to be 
heritable in a high degree. The nature of this variation and the cir¬ 
cumstances of its occurrence suggest the possibility that Upland cotton 
{Gossypium Mrsutnm) or Hindi cotton (G. punciatum Sch. and Thon. ?) 
may have been involved in the remote ancestry of the Pima variety. 

The fact that heritable variations are found in this apparently uni¬ 
form variety is thought to Justify the continuance of selection and line 
breeding and the roguing of seed increase fields. 



PLATE 48 

A progeny of 32 plants was gromi in 1919 from seed of the original Pima plant of 1910, 
and an opportunity was thus afforded for determining the result of selection since the 
origin of the variety. Representative bolls, one from each plant of this ‘‘parent 
progeny'* are shown in this and the following plate, plants 1 to 17 being shown in 
Plate 48 and plants 18 to 32 in Plate 49. All are within the normal range of the variety 
as it now^ exists, with the exception of Plate 48, L, and Plate 49, K. Slightly reduced. 

(242) 








PLATE 49 

Contmuation of representative bolls, one from eacL plant of tbe ‘'parent progeny” 
as shown in Plate 48. 



PLATE 50 

Seeds with combed-out fiber of Pima cotton grown in 1919, showing range in length 
of fiber: A and B from the plants in the progeny of the parent of the variety and C and 
D from the plants of the commercial stock (strain 5-3) which had the longest and the 
shortest fiber, respectively. The comparison shows a greater variation in length and a 
lower 'minimum length in the immediate progeny of the parent plant than in the 
present commercial stock. 






Journal of Agricultural Research 


























PLATE 51 

Seeds witli combed-out fiber of Pima cotton gro’^m in 1919, showing range in abund¬ 
ance of fiber: A and B from the plants in the progeny of the parent of the variety and 
C and B from the plants of the commercial stock (strain 5-3) which had the highest 
and the lowest lint index, respectively. The comparison shows a greater variation 
in abundance and a lower minimum abundance in the parent progeny than in the 
present commercial stock. 



PLATE 52 


Seeds of Pima cotton grown in 1919, showing range in fuzziness: A and B from the 
plants in the progeny of the parent of the variety and C and D from the plants of the 
commercial stock (strain 5-3) which had the smoothest and the fuzziest seeds, respec¬ 
tively, The comparison shows a greater range in fuzziness and a nearer approach to 
naked seeds in the parent progeny than in the present commercial stock. 










PLATE 53 

A plant of the Pima variety of American Egyptian cotton, strain 5-3, photographed 
in August when the lowest bolls %vere nearing maturity. This plant represents the 
ideal which is sought in the breeding work with this variety, being free from vegetative 
branches or “ limbs'’ and having fruiting branches well furnished with bolls at every 
node from near the base to the top of the stem. 



PLATE 54 

Comparison of petal-spot development in Pima 4-lock selections (A and B), norma! 
Pima (C), tke first generation of a hybrid between Pima Eg}^ptian and the Holdon 
variety of Upland cotton (D), and Holdon (E). A and B represent the range for the 
great majority of the Pima 4-lock flowers, from total absence (grade o) to about grade 2. 
C represents the full development in Pima (grade 8). D represents a rather weak 
development for an Eg}^ptian-Upland first-generation hybrid (between grades 3 and 
4). E represents the total absence of the spot in Holdon Upland* 
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SOME RELATIONS OF TEMPERATURE TO GROWTH 
AND INFECTION IN THE CITRUS SCAB FUNGUS 
CLADOSPORIUM CITRI' 

By H. S. Fawcbtx 

Professor of Plant Pathology, Citrus Experifnent Station, College of AgricMlture, 

University of California 

INTRODUCTION 

In some previous work by the author it was found that the results 
of different inoculation tests on rapidly growing sour-orange trees {Citrus 
aMranimmlf^ (13) with Cladosporium citri Massee were variable. It had 
previously been obser\^ed in the citrus orchards of Florida that abundant 
infections from scab did not inevitably follow the presence of abundant 
moisture on rapidly growing tissue, although these two conditions w^ere 
usually present when abundant infection did occur. Seasons were 
encountered when scarcely any infection from scab occurred, even though 
conditions of moisture and grow^th appeared to be ideal for an outbreak. 
The author was led to suspect that temperature was also an important 
factor in infection. 

The experiments w^hich form the basis of this paper were planned to 
determine what influence different temperatures might have, first, upon 
infection by the fungus when the tw^o other conditions previously men¬ 
tioned, abundant moisture on the leaves and rapid growdih were maim 
tained, and second, on the growth and spore formation of the causal 
fungus on culture media. These experiments with the scab fungus 
carried on during intervals in a more extended temperature investigation 
with other citrus fungi reported elsewhere (4) are seen to be somewhat 
incomplete, but they appear to throw considerable light on the possible 
relation of temperature to the occurrence of citrus scab and to offer a 
more complete explanation for the differences in the occurrence of scab 
from year to year or from one season to another. It is, of course, reaEzed 
that in the orchard, under natural conditions, temperature is fluctuating 
and not constantly maintained as in'these experiments. Nevertheless, 
the experiments indicate at least the comparatively narrow^ range of 
temperature within which infection of a very susceptible host is possible 
under the presumably ideal conditions. 

^ Paper No. ^ 2 , University of California, Graduate Scliool of Tropica! Agricultxsre and Citrus Esrperiment 
Station, Riverside, Calif. 

® 'Reference is made by ntimber (italic) to *' literature cited,’’ p, 253. 
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Citrus scab has been described and illustrated in considerable detail 
ill previous publications by Scribner ( 8 , 9), Swingle and Webber (14)5 
Fawcett (2), and others. Its main characteristics are corky wartdike 
projections on leaves, fruit, and small twigs, due to the attack of the 
fungus on tender, rapidly growing tissue. The portion of the leaves 
not attacked usually maintains a healthy green color close up to the edge 
of these warts or scabs. 

Considerable confusion has resulted, however, in the identity of the 
causal organism, Cladosporitmi citri (i, 2). It should be mentioned that 
the fungus is an unusual Caldosporium and very different from the 
ordinary type of Cladosporium such as Cladospm'ium herharum Lk., for 
example. This causal relation of Cladosporhim citri to scab was at 
one time questioned by Grossenbacher (5), probably because he was 
working with another Cladosporium as indicated by the characteristics 
mentioned in his paper. The author's identification of Clodosporium 
citri as the causal organism has been confirmed by Hesler (d), Stevens (12), 
and Horne (j), as w^ell as by his own later work (j). Moreover, Cladospo- 
riiim ciiri has been found by Stevens (10) to be the cause of a similar 
disease known as avocado scab in Florida. Sour-orange (Citrus aurantium) 
(j s) and lemon (Citrus limonia Osbeck) trees appear to be the most sus¬ 
ceptible hosts to citrus scab. Satsuma orange (Citrus nohilis var. unshiu 
Swingle), trifoliata orange (Poncirtis trifoliata Raf.), and pomelo 
(Citrus graftdis Osbeck) are also attacked. Sweet orange (Citrus sinensis 
Osbeck) is nearly immune. In most of the infection experiments here 
reported, the sour orange was employed because it was one of the most 
susceptible species. 

The experiments were made in 1917 at the Laboratory of Plant Physi¬ 
ology, Johns Hopkins University, in surroundings entirely free from the 
disease in question. The various temperatures employed were main¬ 
tained for the most part by means of the apparatus described by Living¬ 
ston and Fawcett (f)d 

TEMPERATURES AT WHICH YOUNG CITRUS EEAVES WERE INFECTED 

A preliminary test on sour-orange seedlings was made on May 16, 1917, 
with 8-months-old plants, \vhich had been potted about three weeks and 
were begiiming to develop two or three new leaves each. These plants 
were placed for three days in the different temperatures indicated below 
and were inoculated by drawing over the surface of the leaves and shoots 
a cameTs-hair brash moistened with spores and bits of mycelium of the 
fungus in distilled water. 

The average temperatures of the nine different chambers were 12°, 16°, 
19^, 23"^, 26.5°, 31°, 34.5'', 42*5° C., with a fluctuation of 

to 2°. One plant was exposed in each chamber for a period of three 
days in a,saturated atmosphere and then taken out and the surface water 

I Tile anUior wis&es tO' aclmowledge t&e aid rendered by'Dr. B. E. nivingston in these, experiments. 
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allowed to dry. The plants that had been inoculated at 19°, and 23^ 
subsequently became diseased. The plant from the 16^ chamber had 
scabs just visible 7 days from date of inoculation. Those from the 19*^ 
and 23° chambers were not seen to be diseased until 10 days later. The 
plants that had been inoculated at 16^ and 19° had many scabs. The 
plant that had been inoculated at 23^ was only slightly diseased even on 
the seventeenth day after inoculation. 

Controls which were not inoculated, but on which distilled 'water was 
drawn over the leaves, were subjected to 16° and 26.5° C. and kept under 
the same conditions as the others, but no scab developed upon them. 

A second test on sour-orange seedlings just like the first was made on 
June 5, 1917, except that different temperatures were maintained in 
some of the chambers and two plants were left in each temperature, and 
they remained for 54 hours instead of 3 days. Control plants not inocu¬ 
lated were used at 20° and 27.5^ C. The average temperatures in this 
test were 14'', 20°, 24.5'', 27.5"’, 32.5^, 36'", 40°, and 44.5'=^. 

In this test one of the plants inoculated at 20® C. developed scabs on its 
leaves. These ivere first noted two weeks after inoculation. None of the 
other plants developed scabs. As will be seen in Table I, the chamber at 
20® is the only one that lies in the range at which infection occurred in the 
other two tests, namely, 16"^ to 23°. The chambers at 14^ and 24.5^^, 
therefore, appeared to be outside, one below and the other above, the 
rai^e for infection. 

On September 24, 1917, a third inoculation test was made with sour- 
orange trees in pots, about one year from seed, on which small new leaves 
were developing. The plants w’ere surrounded by cylinders of blotting 
paper kept moist by absorption of water from below. Another piece of 
blotting paper was placed over the top of the cylinder. The different 
temperature chambers (7) in which the plants were left for 3 days 
were maintained nearly constant within a fluctuation of about 0.5® C. 
At the end of tliis 3'day period when they were taken out, the moist 
cylinders of blotting paper were removed, and the plants were set in the 
greenhouse. In about % hour the moisture had evaporated from the 
surfaces of the plants. At the same time that these were taken out, two 
other plants were inoculated with the fungus as before and were set in the 
same greenhouse and under the same conditions as the others. These 
were not surrounded by blotting paper but were allowed to dry like the 
others, after water with spores had been drawn over their leaves. 

The temperatures at which the plants remained during the 3-day 
period in the saturated atmosphere of the dark chambers were 13.5*^, 16"^, 
18.5°, 21*^, 24.5°, 27.5"^, and 32*^ C., respectively. 

The temperatures recorded in the greenhouse for the 12 days after the 
plants were taken out of the temperature chambers gave an average 
minimum of 15*^ C., and an average maximum of 30"^. 
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Only those subjected to 16^, 18.5°, and 21^ C. for the 3 days after 
Inoculation developed any scab on their leaves after removal to the 
greenhouse benches. 

On plants inoculated at 16® C. scab was just visible in 6 days from the 
time of inoculation, or 3 days from the time of removal from the temper¬ 
ature chamber. In 2 weeks the scab lesions were well marked. 

Plants inoculated at 18.5° C. showed a slight indication of scab 5 days 
after inoculation, or 2 days after plants were removed from the temper¬ 
ature chamber. In this case the scab lesions were well marked in 11 days 
from time of inoculation. 

Plants inoculated at 21^ C. showed a slight indication of scab 5 days 
after inoculation, as was true of those at 18.5"^. In 7 days the diseased 
spots were quite distinct, and in 11 days they had developed into definite 
and typical scabs. On plants inoculated at 13.5^^, 24.5°, 27.5°, and 32^^, 
however, no sign of lesions developed. 

Control plants were also kept under the same conditions, but none 
of these developed scab lesions at any time. The two plants which were 
inoculated with the fungus at the time the others were taken out of the 
temperature chambers and from whose surfaces the water was allowed at 
once to evaporate also remained free from scab. These were considered 
to be additional controls. The nonappearance of scab on these two plants 
indicated that infection at exposures of 16®, 18.5°, and 21"^ C. developed 
because the hyphae had penetrated while the plants were still in the 
temperature chambers. This conclusion is also supported by the fact 
that the time from inoculation to the appearance of visible scabs agrees 
well with that observed in previously reported tests (a, j). The time 
elapsing between the removal of the plants to the greenhouse bench and 
the first appearance of scab appears generally to be too short to represent 
the incubation period of the fungus within the tissues of the host. 

On September 28, 1917, a set of young pomelo seedlings with leaves 
Just begining to unfold was inoculated in tlie same manner as that 
described for the sour-orange seedlings of the third test, except that these 
were left four days in the temperature chambers instead of three. Witli 
the exception of one leaf on a plant inoculated at 18.5° C., which developed 
a^ slight indication of disease but no distinct scab, there was no visible 
sign of disease on any of the plants up to October 17, when the last 
observation was recorded. 

' In aU four tests just considered, scabs were always confined to rapidly 
growing leaves. The older leaves always remained free from the disease 
in every test. Neither was there any development of scabs on any of the 
large number of similar plants kept in the greenhouse and not inoculated* 
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Tabi.13 I .—Range of infection as indicated hy the four moculation tests on citrus seedlings ^ 


Plant and date of 
inoculation. 


Sour orange: 

(1) May 36, X917... 

(2) Junes, 1917.... 

(3) Sept. 24,1917.. 
Pomelo; 

(4) Sept. 28,1917.. 


Results of inoculation at temperature (‘’C.) of—- 


16 

iS. 5 

19 

20 

21 







* 

* 


0 

* 'ij:' 


'if' 

0 








26.5 


27-S 


3^ 

32 

0 




0 

' 0 


32 -S 

34-S, 

36 

38-5 

40 

42-s 

44* S 


1 

0 ! 

0 

0 

0 

0 

P 

0 




j 












^ * Indicates definite infection; o, no infection. 

'Inoculation of detached leaves 


Young sour-orange leaves were detached and placed in Petri dishes, 
one set containing distilled water on which the leaves were floated and 
the other set containing commeal agar. Some of the fungus mycelium 
was placed in contact with the leaves, and the preparations were allowed 
to remain in the temperature chambers for 15 days. The temperatures 
used were 13.5°, 16°, 18.5"^, 21®, 24.5°, 27.5°, and 32® C., with a fluc¬ 
tuation of about 0.5"^. Infection took place in water at 16®, 18.5'^, 
21®, 24.5°, and 27.5®, but not at 13.5® nor at 32®; and in commeal agar 
at 18.5® and 21®, but not at 13.5°, 16°, 24.3®, 27.5°, nor 32®. 

INFLUENCE OF TEMPERATURE ON GROWTH AND SPORE PRODUC¬ 
TION OF CULTURES 


In addition to the inoculation experiments described above, the rate 
of growth and the formation of spores were studied with different main¬ 
tained temperatures. Distilled water, in which was floating a young 
sour-orange leaf,* and commeal agar were used as culture media. 
Inoculation was accomplished by means of a disk (2.5 mm. in diameter) 
of agar medium bearing the mycelial weft. The cultures were kept in 
the dark, maintained temperature chambers for three or four days. 
At the end of the period the radial extension of the hyphae from the 
transferred disk, was determined. Observations were also made on the 
general abundance of spores. The data obtained are brought together 
in Table IL The growth rate is seen to have been very slow as com¬ 
pared with that of many other citus fungi (4). For the time employed 
and for the' temperatures used the greatest extension of hyphae occurred 
at 21® C. This growth rate was smaller, for each temperature, in com¬ 
meal agar than in distilled water with the leaf, except at the two higher 
temperatures. At 328 no extension of hyphae was seen in water, while 
in commeal agar the enlargement was about one-sixth of that obtained 
at 21° for the same period. 

Spores were observed on the marginal h5rphae in from 24 to 48 hours in 
all cases where growth was observed, except in the agar culture at 32® C. 
The first examination for presence of spores was made after 48 hours in the 
agar cultures. Spores were abundant at the' first examination upon the 
growing hyphae of all the test cultures at 21®, one of the temperatures 
21—5 
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at which infection of rapidly growing sour-orange seedlings and detached 
sour-orange leaves had been obseiw^ed to be pronounced. Spores were 
also abundant in the winter preparations at 24.5° and 27.5® after 24 hours, 
and in the preparations of agar at 24.5° after 48 hours; at these tempera¬ 
tures no infection had occurred in the tests with growing plants, but a 
slight infection had been observed after 10 da^^son detached leaves in water. 

Spores that had fallen from the hyphae in certain ones of these cultures 
were found to have fallen on the surface of the medium at some distance 
laterally from the ends of the aerial hyphae on which they had been 
borne. Apparently these spores had been ejected with considerable 
force from the ends of the hyphae. In one case at 16° C. a fringe of spores 
was observ^ed, most of them at least 210 microns distant from the ends of 
the outermost hyphae. This feature of spore dispersal in cultures had 
previously been seen but not recorded. It was noted as most frequent 
after four days in cultures growing at the edges of leaves in cornmeal 
agar at 16®, 18*^, 21.5®, and 24.5°. 

In the 16® preparation with winter and a sour-orange leaf, spores were 
observed to be mostly formed on the tip ends of the outwardly extending 
aerial hyphae at some distance from the floating leaf. They were nearly 
hyaline at first, subsequently becoming slightly dusky. Most of them 
were i-celled, but a few were 2-celled. Detached spores were germi¬ 
nating from the ends of spores in line with the longest axis. Hyphae were 
hyaline vrAen viewed singly, but were pinkish or flesh-colored in mass. 
On cornmeal agar under the same conditions spores were forming with 
from two to four in a chain, and the ejected spores were germinating 
on the surface of the medium. 

The influence of temperature on the vegetative hyphae was marked. 
At 27.5® and 32® C, in the cornmeal agar preparations the hyphae were 
broad and straight, 8 to 12 microns or more in diameter. At 23^^ and 21^, 
on the other hand, the hyphal diameter was only one-half as great and 
the hyphae were more bent and tortuous. At 18.5®, 16°, and 13.5°, 
the hyphae were broader, much as at the higher temperatures. 


Tabi,]^ II,— Gro'U'th and spore formation in Peiri-dish cuUnres of Cladosporium citri ai 
differen-t maintained ie^nperaiures 



Ftmgus floating in water with tender leaf. 

In cornmeal agar. 

Temperature. 

Radial 

Spore formation. 

Radial 

Spore formation. 


3 days. 

In I day. 

In 3 days. 

growlh in 

4 days. 

In 2 days. 

In 4 days- 

13 * S 
16 

18. s 
21 

24. s 
27,5 
3 ^' 

Mkrmis. 

62 

170 

285 

6 SS 

385 

IS 4 

0 

Few. 

...do. 

,..do. 

Ahtindant.. 

...do. 

.. .do,. 

, Koue.'..' — 

Few'. 

Abundant.. 

Few____ 

Abmdanth 
Abundant., 
Abundant^. 
None___ 

Microns. 

38 

92 

I16 

37 c> 

323 

197 

62 * 

Few....... 

.. .do.. 

.. ,do........ 

Abtuidanth 

... do. 

Few... 

None... 

Few. 

Do. 

Do, 

Abundant. 

Do. 

Few. 

None. 


' Spores fotmd, some distance lateraliy from eadsof tHe outermost hypiae as if ejected -witii considera¬ 
ble force. 
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TabI/:^ III .—Number of days from inoculation to first indication of disease at different 

temperatures ^ 


Days after inoctiiation at temperature (°C.) of— 



16 

iS. 5 

19 

20 

22 ; 

23 

24. s 

26. s 

27. 5 

Sotir-orange seedlings: 










(i) May 16, 1917. 

7 

— 

17 

—, 

— 

17 

— 

— 

— 

(2) June 5, 1917. 

— 

— 

— 

14 

— 

— , 

— 

— 

— 

(3) Sept. 24, 1917. 

Detached leaves: 

6 

5 

— 

— 

5 

■— 

— 

— 

—. 










(4) In commeal agar. 

— 

5 

— 

i — 

4 


— 

— 

— 

(5) In water. 

6 

4 


1 

1 3 

— 

10 


10 


t A dash indicates that no scabs developed on plant placed at the respective temperatures, A blank 
space indicates that no plants were used in a given test at these respective temperatures. 


DISCUSSION 

Infection of sour-orange seedlings was limited to a range of about C., 
16^ to 23*^5 inclusive, in these experiments. This range could not have 
been over lo^ in extent under the same conditions even if more tempera¬ 
tures had been investigated, since plants inoculated at 14^ and at 24.5^^ 
failed "to become diseased. This range is seen to include the temperature 
(21®) at which the fungus was found to have the most rapid growth 
in water and in commeal agar medium. The temperatures just outside 
the range on the lower side (14° and below) are those at which the fungus 
grew somewhat more slowly than it did at the temperatures just outside 
the range on the upper side (24.5° and above). If, however, we consider 
the experiment with detached leaves in water (Table III) in which an 
exposure of 15 days was given at the different temperatures, the range 
for infection, though not extended downward, w^as extended upward to 
27.5°, a temperature at which the hyphal growth in water was approxi¬ 
mately the same as that at the lower limit of the range, 16° (Table II). 
This may indicate that the rate of extension of the hyphae must be above 
a certain minimum before infection of the host can occur, a point that 
may have some significance. The rate of extension of the hyphae also 
appears to have a relation to the time between inoculation and ^ first 
appearance of scab as is shown, in a general way, in' Table III. This 
time period, with a single exception, is shortest with temperature at or 
near 21°, the temperature for maximum growth if the tests on different 
dates be considered separately. 

It is, of course, not to be definitely concluded that infection can not 
occur .with, temperatures outside the range within which it was con¬ 
fined in these experiments, but it appears probable that scab is not to 
be expected with temperatures that remain outside this range.- Of 
course, orchard temperatures may vary so as to subject the trees to 
temperatures within the range of infection for a sufficient time period to, 
''allow the penetration of the fungus. No attempt was made to determine' 
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tlie miaijiimii time necessary for the fungus to become established in 
the host tissue at the different temperatures listed in order to produce 
scab subsequently. 

The inteiTelation of the host and parasite also demands consideration. 
Temperature, of course, influences the host as well as the parasite, and 
the lack of infection in these experiments at certain temperatures may 
have been due to special physiological conditions or states either in the 
host or in the parasite, or even in both. It may be suggested that there 
was not enough time for infection in those cases where it failed to occur. 
From the experiments in which leaves floating in water were left for a 
long time in contact vdth spores of the fungus at different maintained 
temperatures, it appears that, even with long periods of time, there are 
certain temperatures, not fata! to either parasite or host, at which in¬ 
fection does not take place. At some temperatures the fungus even 
grew fairly well on the surface of the leaf without producing infections 
leading to scab. 

The relation of temperature to infection by the scab fungus, as here 
brought out, seems to suggest a satisfactory explanation for some differ¬ 
ences in the results of inoculations premously recorded by the author (a). 
A set of inoculations made in August, 1906, failed to produce scab, 
while a similar set made in January, 1909, was successful. An exam¬ 
ination of the weather records for the locality where the experiments 
were made shows that the mean daily temperatures for the two weeks 
following the August experiment fluctuated between a minimum of 23° 
and a maximum of 30^^ C., while the corresponding temperature range 
for the January experiment lay between a minimum of and a maxi¬ 
mum of 19®. In the former case, the daily means were above the range 
for infection of seedlings in the experiments here reported except at its 
minimum, 23^, while the other case shows an overlapping of the range 
of daily means with the range for infection, to 19°. Since the tempera¬ 
tures in the greenhouse where the 1909 experiments were performed 
were probably higher than those outside, the successful infections in 
January were almost certainly due to the fact that the temperatures 
fell for the most part entirely within the range that is favorable to 
infection. 

The temperature relation here emphasized is probably important in 
'determining the occurrence of scab in the orchard and in the explana¬ 
tion of scab epidemics. But temperature is only one of a number of 
conditions, such as stage of growth, humidity, time period, etc., that 
must be fulfilled for scab to occur. 

Among the various conditions discussed by Grossenbacher (5) as favor¬ 
ing the development of scab, The following general observations seem to 
bear on thisTemperature relation. 

If the air is fairly dry and the weather mostly warm and,bright during the develop¬ 
ment of the^flrst spring f ush, scab may fail to develop. ' On the other hand, the' disease 



often becomes very severe in groves if the weather is cold and wet during the develop¬ 
ment of the first spring grovihi. 

Again: 

Some trees in scabby groves .under observation during the past two years have 
retained the late starting habit and remained practically free from the disease. 

Again: 

During the early spring of 1915 the air was very moist and cold while the first growth 
was in its early stages and as a result sour scab developed in great abundance even 
on high sandy land if growth was early and vigorous. 

Stevens (10) says of dtmsscab: 

If cool wet weather prevails at the time the new growth is putting out or at the time 
the fruit has set, the disease is apt to be severe ... in groves where scab has become 
established. 

In the light of these temperature experiments, the greater severity 
of scab at the low spring temperatures of Florida seems to be due largely 
to the fact that these temperatures fall mainly within the range for 
infection, while the later spring and summer temperatures are usually 
too high for infection to take place, even though other conditions are 
favorable. An examination of the temperature data for Tampa, Fla., 
given in Table IV suggests that this last statement may be translated 
into terms of mean temperatures, to the effect that severe infection will 
usually occur when the mean temperatures are well within the infection 
range and that infection will be unlikely to take place 'when the mean 
temperatures are outside this range. 

Table IV .—Mean temperatures at Tampa^ Fla. 


{In degrees centigrade] 


Month. 

1909 

1910 

1911 

19*2 

*913 

1914 

I9IS 

1916 

xm 

igiS 

February. 

16. 5 

^ 5-5 

^ 7 -S 

13*5 

18 .5 

15*5 

15-5 

16.5 

16.5 

20 

March. 

3 ^ 9-5 

19 

20 

20. 5 

21 

x6.s 

14*5 

^7 

20. 5 

22 

April. 

23 

20.5 

23 

23 

21 

22 

20. s 

20.5 

22 

22 

Mean.... 

X 9-5 

18. s 

20 

19 

20 

iS 

17 

18 

20 

21 

May.' — 

24.5 

24. 5 1 

24-5 

25*5 

24 

25 

26 

25 

24 

24.5 

June. 

27 

26. 5 j 

27 

26 

26 

27 

28 

26 

26.5 

27 

My . 

26, 5 

26. s 1 

27 

28 

27 

27 

28. 5 

28 

28 

28 

Mean. 

26 

26 j 

26 

26. 5 

25*5 

26. s 

27 - S 

26.5 

26 

2d. 5 


The average of the monthly mean temperatures for February, March, 
and April for this lo-year period was between 17° and 21° C., while the 
average of the monthly mean temperatures for May, June, and July was 
between 25.5° and 26.5*^. All the monthly mean temperatures for the 
first period were well within the infection range for scab, while all the 
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moiitlily means for the second period are well above the infection range 
as determined by the inoculation experiments. 

It is of interest to note also that the lowest average for February, 
March, and April was 17° C. in 1915, the 3^ear mentioned by Grosseii- 
bacher (5) as one in which scab developed in great abundance on the 
growth starting in earl}' spring. These data taken in connection with 
the maintained temperature experiments seem to explain the frequent 
absence of scab on tender growth of the second or third cycles even in 
the moist periods of summer. The spores may be present, the moisture 
and growth conditions may be favorable, but the temperature ma}’' be 
too high. 

The occurrence of severe late scab in some seasons is probably due to 
a decided drop in the temperature, bringing it well vdtliin the infection 
range for a sufficient length of time for infection. 

SUMMARY 

(1) Experiments to determine the influence of temperature on scab 
infection on young sour-orange (Citrus aurantnim) leaves and on the 
growth and spore formation of the causal organism (Cladosporium citri) 
are reported. 

(2) The inoculation temperatures resulting in infections of growing 

plants under conditions of rapid growth and abundant moisture were 
16°, 18.5°, 19®, 20®, 21^, and 23° C. No infections ivere obtained under 
the same conditions on plants inoculated at 12"^, 13.5'^, 14°, 24.5°, 26.5°, 
27.5^ 32.5^ 34•5^ 3^^ 3^.5^ 40°, 42.5^ and 44.5^ 

(3) Detached leaves floated in water with the scab fungus were infected 
at 16®, 18.5®, 21®, 24.5®, and 27.5® C. 

(4) The temperature at wffiich the greatest extension of hyphae of 
the causal organism in cultures was obsen^ed was 21® C. The highest 
temperature at which extension was obser\^ed in water was 27.5®, and 
in commeal agar 32®. 

(5) Spores w’'ere obsem^ed in 48 hours or sooner in all the temperatures 
at which growth took place except 32® C. At certain temperatures the 
spores appeared to be ejected with considerable force from the ends of 
the hyphae. 

(6) The temperature at which the time was shortest between iriocu- 
iation and first obser\mnce of signs of disease was usually 21® C. in the 
different tests. ' This time increased toward the upper and lower limits 
of the infection range. 

(7) This limited range of temperature at which infection of a sus¬ 
ceptible host took place under the presumably favorable conditions of 
the experiment appears to explain the great differences observed in 
the occurrence and severity of scab from year to year and from season 
to season in citrus orchards. It also explains the differences in results 
of previous inoculation experiments not hitherto understood. 



(8) The conditions necessary for scab infection indicated by these 
experiments are (i) viable spores of the fungus, (2) young citrus leaves 
of a susceptible species, (3) moisture, and (4) temperatures between 16® 
and 23^ C. 
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BACTERIAL WILT OF CASTOR BEAN (RICINUS COM¬ 
MUNIS L.) 

By Erwin F. SihTh, Paihologisi in Charge, Laboratory of Pi-ant Pathology, and G, H» 
Godfrey^ Pathologist, Office of CoUon, Truck, and Forage Crop Disease Investiga¬ 
tions, Bureatc of Plant hidmiry. United States Department of Agriculture^ 

HISTORY AND DISTRIBUTION 

The bacterial wilt of castor beans was first brought to the attention, 
of the writers in May, 1918, when specimens of diseased plants were 
received from Townsend, Ga., where they were collected by Mr. I, C. 
Jagger. Isolations made from this material were used immediately for 
cultural studies and for numerous inoculations as already reported/ 
Soon after the first observation of the disease in the field, by direction 
of the Office of Cotton,'Truck, and Forage Crop Disease Investigations, 
a survey was undertaken by Mr. Jagger of castor bean plantings in the 
South, particularly in Florida. The survey extended over a period of 
about two weeks and covered practically all sections of the State of 
Florida. In addition, reports of the occurrence of the disease were 
received from other men in Florida and other States. 

The disease occurred at or near the following points in Florida: Monti- 
cello, Jacksonville, St. Leo, Ocala, Orlando, Plant City, Tampa, Lucerne 
Park, Winter Haven, Mulberry, Fort Meade, and Frostproof; at Town¬ 
send, Ga.; and at Dothan, Ala. The loss varied considerably in these 
localities, very exceptionally exceeding 10 per cent and varying from 
that down to zero. The highest reported loss was 30 per cent in a 
field in southern Georgia.^ 

On a trip made by the junior author early in August, freshly wilted 
plants were still to be found in the fields. During this survey the wilt 
was observed definitely at Orlando, Tampa, Seffner, and Fort Meade, 
Fla., and at Dothan, Ala. It is very likely that the disease occurred 
also in North and South Carolina and in Mississippi. The descriptions 
given by farmers of an early disease on the plants indicated this, but 
no authentic material was received. 

A thorough search by both Mr. Jagger and the junior writer at differ¬ 
ent times among the heavy plantings along the east coast of. Florida, 
from Miami to New Sm3niia, failed to show the disease to be present. 
These observations were made at Mami, Little River, Arch Creek, 
Davie, West Palm Beach, Veto, Deer Park, Melbourne, Titusville, 
Mims, and New Smyrna. 


^ riie field observations on- tMs disease were wholly in the hands of Mr. Godfrey. The identificatioa 
of the organism was made by the senior writer, and the inoculations were nnder his direction. 

® Smith, Erwin E., and Godfrey, G, H. brown rot of solanacbaE on rioots. Science, el s. 
y. 48, no. 1228, p. 43, 191S. 

3 Reported by Mr. T. B. Young, of the Office of Drag Plant Investigations. 
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The east coast section differs from the interior and west coast sections 
of Florida rather strikingly in that an abundance of lime is present in 
the soil, cropping out here and there. Therefore this type of soil is 
probably in the main alkaline, as opposed to the more or less acid soil 
of the pine flats and the more rolling pine lands of the interior. It is 
suggested, therefore, that further studies of the distribution of Bacterium 
solanacearum ETS be made in Florida with special types of soil in mind 
to see if there is anything in this suggestion. 



TpiG, I.— Map shoiviag distribution, in Florida in 191S of Ficinus wilt due to Bacterium solmtacearum* 
X indicates localities where the disease w'as found; #, localities where the dis<^se could not be found. 


Late in tLe season plantings in the Everglades muck land, in tlie 
vicinity of Moorehaven, were inspected without any signs of tlie wilt 
being found. The outline map (fig. i) shows the distribution of the 
wilt in Florida, as well as the points where the disease was searched for 
and not found, showing the sharp division of the State into two distinct 
regions. 

Another observation on the soil type and its apparent relationship to 
wilt, as'reported by Mr. Jagger, is to the effect that the newer land was 
more' likely to show the mlt than land that had been longer under 
cultivation. , This was observed on numerous occasions in the sections 
where wilt occurred. / One' or two particular cases may be mentioned. 





,Oii one field of 295 acres at Ocala, Fia., this contrast was particularly 
striking. No wilt whatever was observed in the main part of tlie field, 
which had been under cultivation for many years. On a new section 
of the field, which had been cultivated only two years and which 
adjoined pine woods, wilt occurred in varying amounts, running from 
one-tenth of i per cent to 10 per cent in different spots. It wrs typical 
rolling pineland with little humus. The older land was originally the 
same but had developed considerably more humus and a darker color. 

A field at Frostproof, Fla., was inspected on June 6. This field was 
made up entirely of new land cleared and plowed in January and Feb¬ 
ruary, 1918, and planted in March. The wilt occuixed in certain areas, 
especially in the lower portions of the field, to the extent of 5 to 10 per 
cent. Several other fields in the same general locality, which had been 
under cultivation for several years, showed a complete absence of 
the wilt. 

At Mulberry, Fla., a plot of 80 acres of low pineland, with saw palmetto 
in the lower spots, was cleared in the latter part of February and planted 
March 13. While this gave an excellent stand of castor beans, wilt 
occurred throughout to the extent of one-tenth of i per cent to 5 per cent, 
A few square rods planted early in May (very late) showed numerous 
wilted plants. 

The junior writer likewise inspected a field in Dothan, Ala., in which 
the only wilt to be found was in a newly cultivated end of the field 
adjoining pine woods. 

The senior author has frequently obser^-ed this disease in tomatoes 
grown on ^'new land’’ in Florida. 

Due to the fact that there were no extensive commercial plantings in 
1919, the only obser\mtions on the disease in 1919 were in some experi¬ 
mental plantings made by the junior author at Orlando, Fla. As early 
as April the first cases of wilt were to be found, and from that time on till 
at least June 16 new cases were appearing almost daily. These cases all 
occurred on sandy land which had not been under cultivation for some 
years. 

SIGNS OF THE DISEASE IN THE FIELD 

The signs of the bacterial wilt on Ricinus are, in general, the same as 
on other plants described in detail by Dr. Erwin F., Smith,Jn ‘'Bacteria 
in Relation to Plant Diseases,” ^ and in earlier publications. The disease 
in this plant, as in the Solanaceous plants, is ,a true wilt of the green 
leaves and growing points, without previous yellowing or other partial or 
complete discoloration (PL 55). It may occur when the plants are small, 
only 2 or 3 inches high, in which case it is likely to prove fatal. It is also 
found in plants of all sizes up to several feet high. In smaller plants a 
single leaf may wilt, and the vascular system near the base of the plant 


1 Smtch, Krwia F, BACtSsiA in oco pi^ant disbases. v. 3. Washington, D, C. 1914. 
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on that side may show internal brO'VTising, or again the entire plant may 
droop. The wilting may come al)iouit very suddenly or slowly. The 
first manifestation of wilt often appieaitrs after a period of wet weather of 
several days' duration, such weatler apparently favoring infection. 
More of the wilt is seen in hot, dry gather. Often a plant may recover 
temporarily during moist weather o f during a cool night after a hot, dry 
day, which has resulted in the appearance of wilt. Sometimes this 
recovery leaves a shriveled tip or insg^rgin on some of the leaves. The 
ultimate result of the wilt, in the mo3'‘e severe cases at least, is the com¬ 
plete death of the plant. After wiltmg the leaves dry and turn black, 
later dropping from the plant and leaving the bare black stalk and 
branches. 

In many plants infection was present late in the season but was not 
severe enough to cause permanent 'wilting or death of the plant. In 
such cases marked dwarfing occurred. In a field at Dothan, Ala., it 
was easily possible to pick out infected plants that showed no external 
signs other than dwarfing. Plate 5^, A, reproduced from a photograph 
taken at Dothan, Ala., on August 24., 1918, shows from left to right, a 
dwarfed and a wilted plant (both which showed unmistakable in¬ 
ternal signs of the bacterial wilt) and a large normal plant. 

A disease due to a root trouble md entirely distinct from the wilt, 
but showing some signs similar to Lt, was found in the vicinity of Miami, 
Pla., and at other points especially in muck lands. These plants ap¬ 
peared to be affected by asphyxiation of the roots due to too high a 
water table. Many such plants were observed with the root systems 
entirely dead and often with the tap roots rotted off 3 or 4 inches below 
the surface of the ground. Such root conditions resulted in the death 
of the top of the plant, manifested hy wilting and drooping of the leaves 
and twigs and finally by the death and blackening of the entire plant 
(PI. 56). 

The bacterial wilt can be distingmshed easily from the disease de¬ 
scribed above and from any other known disease of the castor bean by 
the typical browning of the vascuto system near the base of the plant. 
In the severer cases this browning is seen in the entire vascular ring, 
penetrating more or less deeply into the woody part of the stem. In 
cases of light infection, such as in the dwarfed plants mentioned here¬ 
tofore, the browning may be seen in only a few bundles, all possibly on 
one side of the stem. In fact, cases were observed in which only a 
single bundle gave this manifestati«>n of the presence of disease. In 
addition to the browning it is always possible with the aid of a good 
hand lens to observe drops of bacterial exudate at the freshly cut ends 
of the vascular tubes, particularly if the plant is still green. Sometimes' 
it is necessary to pinch' the end of the stem to force these drops to the 
'surface. , 
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ISOLATION OF THE CAUSAL ORGANISM ^ 

Stich materials as have just been described will almost invariably 
produce pure cultures of the causal organism when proper precaution¬ 
ary measures against external contamination are taken. Repeated 
cultures were made by flaming momentarily the green stalk from a 
wilted plant, then cutting it off with a sterile scalpel and squeezing out 
by means of strong forceps a drop of the plant juice together with the 
bacteria into the tube of beef agar. From this, dilutions were made and 
then plates were poured. This was varied by sterilizing the surface of 
a stalk with mercuric chlorid i to i,ooo, girdling it uuth a circular cut 
and breaking it off, after which sterile conditions were still further in¬ 
sured by searing the edge of the freshly made cut with a red-hot scalpel. 
A hollow could now be made safely in the end of the stalk and a few 
loops of beef broth inserted and mixed with the plant juices, From 
this very thick suspension of bacteria, dilutions were then made for the 
poured plates. 

RESULT OF INOCULATIONS 

As soon as results from the poured plates gave indications that the 
organism in the diseased Ricinus plants was Bacterium solanacearum^ 
inoculations were made into tomato plants, which wilted promptly. 
Cultures in other media such as nitrate bouillon (where reduction took 
place) and pink litmus milk (which became and remained blue) also 
sensed to confirm the diagnosis. From the interior of one of the wilt¬ 
ing tomato plants Petri dish agar poured plates were made and sub¬ 
cultures from some of the colonies were tested out on other tomatoes 
which also wilted (PI. 57). 

By this time Ricinus plants large enough to inoculate were available, 
and a series of inoculations were made by needle on the hypocotyls. 
On these plants the progress of the disease was slower than on the tomato, 
but there was profound dwarfing as a result of the inoculations, and sub¬ 
sequently the plants wilted with bacterial occupation and browning of 
parts of the vascular system (PL 58-60). From such plants also the 
organism was plated out in practically pure culture. Xarge Ricinus 
plants also were successfully inoculated by needle pricks (PI. 61). Sub¬ 
sequently the disease was produced on Ricinus by breaking some of the 
roots in soil infected by burying in it Ricinus plants already inoculated 
and swarming with the bacteria (PL 62). 

We also obtained successful inoculations on a series of jimson weeds 
{Datura siramonmm L.), the phenomena in which corresponded exactly 
to results formerly obtained by the senior writer mth Bactermm solana- 
cearum plated from other plants—^that is, wilting, vascular infection, 
brown stain, etc. 
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The Sicinus organism was also inoculated successfully into the common 
nasturtium (Tropaeolum majus T.)> another plant subject to Bacterium 
soianaceanmz^ 

Subsequently it occurred to the senior TOiter to try out the organism 
on cotton, vanilla, and sunflower—^three plants hitherto untried. 

Cotton plants when of any size proved resistant, but the young seed¬ 
lings are subject to the disease. Thus, if inoculations are made by 
needle pricks into the hypocotyl soon after the plants appear above 
ground they are first profoundly dwarfed (PI. 63) and then wilted and 
shriveled (PI. 64). Bacteria were then found in enormous numbers, at 
least in the parts above ground, the needle pricks being made near the 
cotyledons. These results were obtained in 1918, and the same results 
were obtained again in 1920, using Bacterium solanacearum plated from 
wilting North Carolina tobacco (the Granville tobacco wilt). 

The common vanilla {Vanilla planifolia Andrews) also contracted the 
disease. Under our hothouse conditions it was possible to produce wilt 
and brownrot only of the softer growing tips of the shoots (PI. 65), but 
the bacteria were traced a considerable distance farther in the vascular 
system, and it seems likely that under tropical conditions whole plants 
might be subject to the disease. A few plants only having been inocu¬ 
lated in 1918 (always by delicate needle pricks), the inoculations were 
repeated in 1920 with the same results, using Bacterium solanacearum 
obtained from North Carolina tobacco. These results were wilting and 
rot of the terminal shoots in about a week or 10 days' time, brown to 
black stain in the tissues, with multiplication of the bacteria in the ves¬ 
sels (and in the parenchyma of the softer parts); and from the interior 
of one of these stems a pure culture of the right organism was reisolated. 

Sunflowers {Helianihtis annuus L*) inoculated in the soft stems when 
about one-fourth grown proved very susceptible. The culture used for 
this purpose was a subculture from a poured-plate colony isolated from 
diseased vanilla which was infected from a poured-plate single colony 
subculture from a diseased tomato 'which had been inoculated in the 
same way from a diseased Ricinus. The plants wdlted in a week or two 
with the usual brown staining of the vascular system, and enormous 
numbers of the bacteria developed in the vascular system to long dis¬ 
tances from the point of inoculation, which was near the top of the 
plant, so that when cross sections of such stems were made the bacteria 
oozed out copiously (PL 59, B), as a gray white slime even down to the 
surface of the ground. Here also there was a profound dwarfing. The 
Ridnus organism was reisolated from an inoculated diseased sunflower 
on Petri dish'agar poured plates, and with a subculture irom one of the 
colonies tomatoes were again successfully inoculated (PL 66). 

' Mary X. . A msimmm:, witr caxts^o by bactbsito solanacearum. In Jo«r. Agr. 

' Research, v, 4. ao. p. 4 S»-' 
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Stanford and Wolf ^ having reported successful inoculations of 
Bacierkmi solanacearum on the •common garden balsam {Impaiiens 
halsamina L.), we tried the Ricinus organism on these also with marked 
success^ the tops wilting and the brown streaks, due to stained vascular 
bundles, showing through the translucent stems for long distances down, 
the inoculation being made near the top (PL 67, A). In such cases a 
microscopic examination showed the vascular system to be filled and 
honeycombed by the bacteria. 

Sections of Ricinus stems were cut and stained for location of the 
bacteria and disintegration of the tissues, which, corresponding to the 
slow progress of the disease in our inoculated plants, was not very 
extensive and not unlike figures already published by the senior writer 
for other plants attacked by Bacterium sola^iaceamm. 

Since good figures of the appearance of Bacterium solanacearum on 
agar poured plates are not very numerous, some ‘colonies are shown 
enlarged 10 times (PL 67, B). The surface colonies on nutrient agar 
poured plates are irregularly roundish, white and shining b}" reflected 
light, and very fluid, so that they flow readily when placed in a vertical 
position. By transmitted light the colonies of this organism are brown¬ 
ish. By oblique light they are opalescent, the play of mother of pearl 
colors being usually very conspicuous. ■ The organism is strongly aerobic, 
as is shown by the small buried colonies on the poured plates, feeble 
growth in the depths of stab cultures, and in various other ways already 
described. The Ricinus organism when grown on cylinders of sterile 
steamed potato produced exactly the same brown stain as Bad, solana^ 
cearum from other plants, and its reaction in milk and litmus milk is 
also the same. 

The profound dwarfing of Ricinus plants was obtained again in 1920 
with Bacterium solanacearum plated from the wilted North Carolina 
tobacco. In 1920 fuchsias were also shown to be susceptible. 


i Stanford, E. E., .and WohV\ E. A. stttdirs on bacterium: soianacearuie. In FihytapatliolQgy, 
V, 7, no. 3, p. tss’"z6s, s fig. Eiterattire cited,'p. x6s. 



PUTE 55 

A, -—Ricinus plants in Dothan, Ala.: a, dwarfed; b, wilting,: c, healthy. Photo¬ 
graphed August, 1918. 

B. Fruiting Ricinus plant, badly wilted, at Tampa, Fla. 
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PLATE 56 

A. —Root disease of Ricimis at Miami, Fla., not due to Bacterium solanacearum. 
Water table near surface. 

B. —Later ttage of tlie same disease as in A. Healtky Ricinus plants in the 
background. 

36732*=—21-6 



PLATE 57 

Effect of Riciaius wilt organism when inoculated by needle pricks at XX into 
shoots of tomato, June 26, with subculture of a colony isolated from wilted tomato 
No. I, which was inoculated from subculture, of a poured-plate colony out of a wilted 
Ridnus 'plant received from Townsend, Ga. Photographed July 2, 19 iS. Much 
reduced. 
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PLATE 58 

A, B.—First four seedling plants to become diseased wben inoculated with the 
Ricinus parasite. Normal control plants in the background. All the inoculated 
plants are badly dwarfed, but one is not yet wilting. Ail were inoculated June 26 
by needle pricks on the base of the hypocotyl just as the seedling was emerging from 
the soil. Photographed July 8, 1918. In B the bacteria had penetrated into tlie 
vessels of the tap root 2 J J inches from the point of inoculation. 



PLATE 59 

A. -“First to wilt of 12 Ricintis plants inoculated July 2 at X X witli 24-liour potato 
subculture from inoculated tomato No. i. This plant when photographed was 6 
inches high^ while the control plants were 18 inches high. The other ix inoculated 
plants were as badly dwarfed as this one, and all of them finally developed wilt. 
Bacteria were abundant in the vessels of the stem. Photographed July 25, 19x8, 
nearly natural size. 

B. *-Cross section of middle of stem in an inoculated sunflower, showing tlie bac¬ 
terial ooze from the vascular system. X S- 













PLATE 6o 


Two plants showing Ricinns wilt, with two controls of the same age in the back¬ 
ground. The wilting plants w^ere inoculated July 2 by needle pricks in the top of 
tlie hypocotyl with 24-hour potato subculture from poured-plate colony from tomato 
No. I. Introduced to show the profound dwarfing. The diseased plants were 7 
inches tall and the controls 22 inches. Photographed July 30, 1918. 



PLATE 6i 


First case of wilt in tlie top of a large blossoming Ricimis plant. Tills was inoculated 
by needle pricks at X X, on tlie stem and petiole, Jime 28, witb a culture isolated from 
tomato No. i. Bacteria bad penetrated into all the main ribs of tbe blade of tlie 
■uiited leaf. The brown stain and bacterial occupation of tbe bundles of tbe petiole 
were also very conspicuous. Photographed July 13,1918. 














vhArn 62 


Plant sliowing Ricinns wilt infection from seven broken roots. This was one of 
tlie control plants shown in figure 127 of ,''An Introduction to Bacterial Diseases of 
Plants/’ ^ Tlie inoculated dwarfed plant was cut and buried in the soil July 17, at 
'whicli time tlie roots of the experimental plant were broken. When the plant was 
photographed the bacteria were most abundant in the roots but were present in the 
stem as far up as -Y. They were not in the three reflexed petioles, nor in the un¬ 
broken roots. Leaves A and B became refiexed before they wilted. Reflexing of 
tomato petioles in this disease is very common. Photographed July 29. X p2* 


1 Smith, Brwin P. an inxroducuon to BACtURiAi, disuasss or pi,akts, xxx, 6S8 pages, illtts. 
Philadelphia and lyondon. 1920. 



PLATE 63 

Dwarfing effect of Bacterkm sohnaceamm when inoctilated into hypocotyls of seed¬ 
ling cotton, variety Egyptian. Controls in the background. The inoculation was by 
needle pricks, and tlie plants w^ere all of the same size at that time. The organism 
was obtained from North Carolina tobacco. A few days later all the inoculated plants 
wilted and shriveled, at which time they were full of the parasite. Older plants did 
not take the disease. Photographed July 26, 1920. Time from inoculation, 5 days. 
For later stages of the disease obtained with the Ricinus wilt organism see Plate 64. 
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PI.ATE 64 

Ricintis wilt on seedling cotton. Controls at left. Plants inoculated in the hypo- 
cotyl by needle pricks, July 2, 1918, from inoculated tomato No. i. Plants badly 
dwarfed and bacteria very abundant in the tissues. Photographed (A) July 15,191S; 
(B) July 13, 1918. Each was inoculated with subculture from a poured-plate colony, 
and the controls were of tlie same size as the others when the inoculations were made. 



PLATE 6s 

Eicmus wilt organism on Vanilla planifolia, inoculated on June 28,1918, with sub¬ 
culture from colony 2, plate 4# June 19, out of tomato No. i, the inoculum for which 
came from the Ricinus received from Townsend, Ga. Photographed July 6, .1918. 





Plate 66 











PLATE 66 


Anotlier yoiniger tomato plant showing e^^ect of the Ricinns parasite when inocn- 
iated by needle pricks. Control plant on right. The plant on the left (dead to the 
ground on August 7) w’-as inoculated July 24 with a subculture from colony No. i, 
plated from inoculated wilting sunflower No. i. Dwarfing conspicuous; roots present 
on the stem. Photographed July 30, 1918. X X* 


r 



PLATE 67 

A. —^Two stems of tlie common garden balsam (Impatiens balsamim), showing 
internal brown striping dne to the Ricinns wilt organism. The plants were inoculated 
June 26, 1918, and the photograph was made July ii. The bacteria were extremely 
abundant in the vessels of these stems. Surface unbroken. 

B, “~Agar poured-plate colonies of Ricinus wilt orgnism, photographed Tertically 
and introduced to show fluid nature of the colonies and also the strongly aerobic nature 
of the organism, as may be seen by the small size of the buried colonies as con^ 
trusted with the two surface colonies. The colonies flow when tilted, are smcxith 
and glistening on the surface, white by reflected light, pale brown by direct transmitted 
light, and opalescent by oblique light. Plate 4 days old at 26*^ C. It makes no 
difference in fluidity of the colonies whether Witte’s peptone is used in the agar or 
Difco peptone. The opalescence by oblique light is usually vtry striking. Photo¬ 
graphed June 17,1918, X 10. 
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STEWART’S DISEASE OF CORN 


By Frederick V. Rand, Pathologist, and Lieeian C. Cash, Scientific Assisiant, 
Laboratory of Plant Pathology, Bureau of Plant Industry, United States Department 
of Agriculture 

The authors have found Stewart's disease (wilt) of corn in Georgia^ 
South Carolina, Tennessee, Virginia, Kentucky, Missouri, Iowa, Illi¬ 
nois, Indiana, Ohio, Pennsylvania, District of Columbia, Maryland, 
Delaware, New Jersey, southern New York, and Connecticut. Al¬ 
though in the field the number of diseased plants has usually been un¬ 
der 20 per cent, as high as loo per cent infection has sometimes been 
found among the earlier varieties. Cultures of the causal organism {Ap- 
lanobacter stewarii [E F S] McCul.) have been obtained from most of 
the localities where the disease has been observed by the writers. 
The disease was not found in Minnesota, Wisconsin, Michigan, north¬ 
ern New York, Vermont, New Hampshire, and Maine. Hovrever, it 
has been reported by other pathologists from Massachusetts, West 
Virginia, Michigan, Oklahoma, New Mexico, and California. 

Seed of 53 varieties of sweetcora purchased in the open market has 
been planted during three different seasons in'Maryland. As one of the 
results of this field study it has been found that an arrangement of 
varieties according to time of maturity coincides almost exactly with an 
arrangement according to percentage of wilt development. The later 
varieties such as Zig Zag Evergreen, StowelPs Evergreen, and Country 
Gentleman have consistently given a very low percentage of the disease 
(average below lo per cent), while the earliest varieties under the same 
conditions have shown a serious loss from wilt (average 25 to 57 per 
cent). In general, wilt prevalence among midseason varieties has been 
between these two extremes. First of All has shown the greatest injury, 
some plantings have given too per cent infected stalks, while the Cory 
group, Golden Bantam, and others of the earliest sorts approach it in 
susceptibility. The Evergreen group, as a whole, was little affected; 
and it is interesting to note that, Bantam-Evergreen—a cross between 
Golden Bantam and StowelFs Evergreen—appeared to carry with it none 
of the susceptibility of tlie Bantam parent. Among 45 varieties of field 
com planted during the same three seasons, 32 have at no time shown 
traces of wilt, A few of the dent corns have given 5 per cent or less, 
but it is the earlier flint sorts that have been found most susceptible. For 
example, WilFs Gehu has given as high as 65 per cent of infected stalks; 
Square Flint, 40; Eongfellow, 22; and King Philip, 19. 

During the past twO' seasons six experiments relative to soil trans¬ 
mission have been carried out under field conditions. In some cases the 
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soil was inoculated with virulent tap water suspensions of the wilt 
bacteria; in other instances pieces of diseased stalks were thickly strewn 
in furrows s and the seed of susceptible varieties was planted among and 
directly over them. No evidence whatever of infection from tlie soil or 
from proximity to diseased stalks has thus far been obtained. However^ 
the organism lias been isolated from the endosperm of seeds developed 
on diseased plants. Furthermore, seed collected from known diseased 
plants gave a higher percentage of wilt than seed of the same varieties 
purchased in the open market. 

Infection of the young corn plant from the seed was found to be 
largely dependent upon the growth condition of the seedling during 
tlie first week or two after planting, as influenced by soil moisture^ 
soil texture and fertility, and temperature. Data relative to seven 
different plantings during three seasons (1918--1920) in our experimental 
fields in Maryland and two plantings during 1920 in Maine have shown 
that the most important single factor predisposing to infection from the 
seed is soil moisture. Whenever rains have been plentiful about the 
time of sowing the seed, wilt has later developed in abundance, whereas 
the same lots of seed planted during a dry period have invariably given 
much less infection. With moisture conditions approximately the same, 
the later plantings at higher temperatures have given a greater amount of 
wilt. Similar relations to temperature were found with inoculations in 
greenhouse compartments held at different temperatures. Both plant¬ 
ings in Maine, under conditions of drouth and low temperature, gave no 
wilt at all. On the other hand, the same lots of seed planted at three 
different dates in Maryland under more favorable conditions of botli 
moisture and temperature gave an abundance of the disease. One 
planting in Maryland during the same season, although at more favorable 
temperatures, was sown during a period of drouth, and in tliis case only 
2 per cent of infection occurred. At the same place during 1918 in a 
4-acre variety test planted in light sandy soil during an exceptionally 
dry period only 10 cases of wilt occurred during the whole seuvson. It was 
further noted that when seed from a single lot was planted simultane¬ 
ously in light soil, in fertile sandy soil, and in rich sandy loam a consider¬ 
ably higher percentage of infected plants developed in the richer soil. It 
thus' seems apparent that anything which retards the germination and 
early development of the seedling lessens the chances of infection from 
the seed. = Of these environmental factors soil moisture and temperature 
seem to be' of greatest importance,’ 

Control methods are still in the experimental stage. However, these 
preliminary' results seem to indicate'that northern-grown seed is less 
likely to carry infection than that grown farther south, and that inf^ted 
seed may be rendered'safe fon^lplanting^by a dry heat/'pasteurization'^ 
at to'70® C. for''onhhour. " ' 




QUALITY OF IRRIGATION WATER IN RELATION TO 
LAND RECLAMATION 


By Carju S. ScofieJLD, Agriculturist in Chargey and Frank B. HiSadli^y, Agricnlturisiy 

Office of Western Irrigation Agriculturey Bureau of Plant Iniusiryy United States 

Department of Agriculture 

The so-called alkali problem on irrigated lands has two distinct phases. 
In one case the difficulty is due to the fact that^ because of inadequate 
drainage or because of excessive quantities of salt in the irrigation water ^ 
the salt content of the soil solution comes to exceed the limit of tolerance 
of crop plants. In the other case the soil becomes relatively impermeable 
to water, difficult to work into good tilth after wetting, and in some cases 
nearly or quite unproductive. The present paper deals with this second 
phase of the alkali problem. 

These impermeable soils or hard lands are of wide occurrence in the, 
irrigated regions. The condition may be found in desert soils that have 
not been irrigated, or it may develop after a period of irrigation. It is 
of very cotnmqn though not universal occurrence in lands that have 
been swamped through the rise of the ground water and later reclaimed 
by drainage. The condition of impermeability or hardness is one of 
degree, some lands though hard being much more permeable than others. 
It is rather uncommon to find land that is completely impermeable to 
irrigation water. 

These hard lands sometimes contain soluble salts in excess of the 
generally recognized limits for crop production, but more often this is 
not the case. Very salty land may take water well and be soft or even 
‘‘puffy” on the surface when dry, but when reclaimed by drainage and 
irrigation it may become so hard as to be very difficult to irrigate and 
difficult to work into good tilth when dry. 

The subject of the slow permeability of soils has been extensively 
investigated, both in this country and in Europe.' The condition is not' 
confined to desert or iixigated land but is found also in many regions 
where the rainfall is abundant. In the latter case it is manifested 
either by apparent infertility or by surface erosion of the soil or by 
both conditions. It is a matter of common observation that the erosion 
of soil by rainfall is more directly associated with conditions of slow 
permeability to water than with conditions of topography. In other 
words, with a given slope a soil that is readily permeable to water is 
much less, subject to erosion by rainfall than a soil that^ takes water 
slowly. 
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Where this problem lias been investigated on desert or irrigated land 
it has been the consensus of opinion that the condition is due to^ or is 
at least associated with, the occurrence of sodittni carbonate or “black 
alkali’^ in the soil solution. As a result of the present investigation we 
have reached the conclusion that the trouble is not due to sodium car¬ 
bonate alone but that it may be induced by the so-called neutral salts 
of sodium as well. 

It is well known that if a soil containing clay is leached or irrigated 
with water containing sodium carbonate, even in very dilute solution, 
the rate of percolation will become greatly retarded. Sharp ^ observed 
a similar retardation in the rate of percolation as a result of leaching 
with pure water soils to which sodium chlorid and sodium sulphate had 
been added. We have found that when a soil treated with sodium 
chlorid or sodium sulphate is leached with pure water or with solutions 
of these salts much more dilute than the soil solution, the rate of perco¬ 
lation is retarded and the percolate shows a strongly alkaline reaction. 
In other words, in leaching from the soil the neutral salts of sodium the 
permeability of the soil is reduced and the soil solution is made alkaline. 
These are the characteristic features of land that becomes “hard“ 
after a period of irrigation and of salty land that has been reclaimed by 
drainage. 

We have also observed in these investigations that this injurious 
eSect of the salts of sodium is much reduced if the salty soil is first 
leached with a solution of some salt of calcium or aluminum. A soil so 
treated may subsequently be leached with pure water without devel¬ 
oping the symptoms of hard land, namely, reduced permeability and an 
alkaline percolate. Similarly we have found that if the irrigation 
water contains calcium, salts equal to or exceeding in quantity the salts 
of sodium, the soil rendered salty by such water is less likely to become 
impermeable when subsequently leached with pure water or with water 
containing these salts in the same proportion but in lower concentration. 

These observations lead us to the conclusion that the quality of iixi- 
gation waters should be judged not only by considering the total quan¬ 
tity of the salts in solution or the proportions of the acid radicles, but 
also the proportion of the sodium to the calcium and magnesium. It 
is suggested that water, to be safe for long-continued irrigation, should 
be relatively rich in calcium and magnesium. 

In colloquial language, waters containing relatively large quantities 
of calcmm and magnesium are known as “hard'' waters. The results 
of the present investigation may be summarized in the simple state¬ 
ment:, Hard water makes soft land and soft water makes hard land. 

1 Sharp, n. 'S. tondamesntaIv int^srhelationships BEtwRBN certain sowbee saws and , cCeloids, 
In .Univ. Calil. Piib, Agt, ScL, v. i , no. to, p. 3 fig- 1916* BibHoEfapWealfootnotes. 
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THEORY OF THE REACTIONS 

Tlie reactions that take place in a soil that is leached with a dilute 
salt solution were first investigated in detail by Way,^ Later investi¬ 
gators have dealt with various aspects of this subject, but too often 
wi'thoiit distinguishing clearly between the chemical and physical reac¬ 
tions involved. It was shown by Way that when a solution of a salt 
was leached through a soil containing clay a chemical reaction took 
place as a result of which some of the basic element of the salt was re¬ 
tained in 'tlie soil and an equivalent quantity of other bases was released 
into the soil solution and appeared in tlie percolate. Thus, if a solu¬ 
tion of ammonium, sulphate, sodium sulphate, or potassium sulphate was 
leached through a soil a portion of the base was retained by the soil and 
the other bases, chiefly calcium, passed into solution. It was definitely 
pointed out that these chemical reactions were essentially different from 
the physical property of soils known as adsorption which is common also 
to other finely divided substances such as charcoal and carbon black. 

The reactions reported in the present paper appear to belong to the 
same category as those discovered by Way. There is, however, an addi¬ 
tional fact to be noted. In the present investigation the question under 
consideration was not primarily the changes taking place in the soil 
solution but the changes in the physical character of a soil, both with 
i-espect to its permeability to water and to its characteristics upon 
drying. It has been found that leaching sodium salts through a soil 
causes it to become less permeable to subsequent leachings with water, 
and, furthermore, upon drying the soil becomes hard, a condition fa¬ 
miliarly described in agriculture as “baking.’' Calcium salts, on the 
other hand, have been found to render the soil readily permeable for 
water and less likely to become hard or “baked” upon drying. 

It has been shown by experiments on small samples, not here reported 
in detail, that the soluble salts of aluminum, such as chlorids and sul¬ 
phates, are much more effective than the similar salts of calcium in 
improving the physical condition of impermeable soils. Soluble aliimi- 
mini salts, such as aluminum sulphate, if leached through a sample even 
of extremely refractoiy soil, increases its permeability for water and com¬ 
pletely removes the tendency to become hard on drying, the soil remain¬ 
ing very soft and powdery. Furthermore, these characteristics persist 
even after repeated leachings with distilled water. 

The theory advanced to explain these facts is that the different bases 
in the solutions used partially displace the bases in the compounds on 
the surface of the soil particles. For example, when a solution of a salt 
of sodium is leached through a 'soil, the sodium will displace a portion 

^ Way, J, Thomas, on xim power of soe^s to absorb manxjrE, In Jour. Roy. Agr. Soc. EugUiid, 
V. II, iM 3CS-379- '1850; V. 13, p. 133-143* 1853. 

2 snfwEnce of wme on the “absorptive properties” of soh<s. In Jour. Roy. Agr. 

Soc. IJngland, v. 15, p. 491-55^4. 1854- . 
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of the bases on the surface of the soil particles, itself becoming combined 
and remaining on the soil particles, partly at least, in the form of a 
silicate. This silicate, being in the form of a colloid, a hydrogel, will in¬ 
crease the effective size of each soil particle and thus greatly retard the 
movement of vi/'ater through the soil and may, in fact, stop percolation 
entirely. Furthermore, on drying, this colloidal gel will tend to bind 
the soil particles in a solid mass. With solutions of calcium or alumi¬ 
num, on the other hand, when the displacement of bases on the surfaces 
of the soil particles takes place colloid gels are not formed, and, in fact, 
such sodium silicate hydrogels as may exist there are almost completely 
eliminated or masked by the formation of practically insoluble precipi¬ 
tates of calcium or aluminum. 

From these preliminary experiments it is also evident that the salts of 
aluminum, like the salts of calcium, when applied to the soil release 
into tlie soil solution other bases that may be present but not in solu¬ 
tion. It is assumed that such bases as ammonia, sodium, potassium, 
calcium, and magnesium are displaced by the aluminum from their com¬ 
bination in the silicates of the soil and unite with the acid radical of 
the aluminum salt. If this assumption is correct, it would naturally 
follow that soluble salts of aluminum may be useful both in improving 
the physical condition of a soil and also in rendering other bases more 
soluble in the soil solution and presumably more available for the nutri¬ 
tion of plants. 

EFFECT OF SODIUM SALTS 

The injurious effects resulting from leaching a neutral sodium salt 
from the soil may be demonstrated by a very simple experiment. If a 
sample of a permeable soil be placed in a funnel over a filter paper or 
in an ordinary laboratory percolation tube, its percolation rate with 
water may be detenniiied. If the soil is then leached with a solution 
of sodium chlorid or of sodium sulphate or a mixture of the two salts 
in constant or in' increasing concentrations the rate of percolation, will 
remain approximately constant, or it may be increased slightly over that 
observed with pure water and the percolate will continue clear and nearly 
or quite neutral in reaction. On the other hand, if the concentration 
of the leaching solution is reduced or,if the soil is leached with pure 
water after treatment with the salt solutions three phenomena develop, 
namely, the rate of percolation is reduced, the percolate becomes turbid, 
and it also becomes strongly alkaline. 

If the soil so treated is rich in clay, these phenomena are developed to a 
marked degree, With some clay soils the effect is so pronounced that 
it is not possible'to'collect a'sufficient quantity of the. percolate for 
an^aiysis. The course of events just described is illustrated in Table I. 
In this case the soil 'used was a' sample of mesa sand from' the ,”l^unia 
Mesa^ in southwestern Arizona. It was taken, from a point on the mesa 
which had not been irrigated. yThe.propo,rtion of^clay was very small, 
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and tlie soil was ricli in calcium carbonate. In this experiment 300 gm. 
of dry soil were placed in the percolation tube and leached first with 
distilled vrater, 100 cc. being used for each leaching. After seven leach- 
ings witli water, solutions of sodium chlorid were added, each successive 
solution being stronger tlian the preceding, until at the twentieth leach¬ 
ing a concentration of 5 per cent was reached. For the twenty-fifth 
leaching absolution of 3.7 per cent was used, and the twenty-sixth and 
later leachings were made with pure water. 

Table I shoves the concentration of the various salt solutions used, 
tlie rate of percolation, the concentration of the later percolates as showm 
by the electrolytic bridge, the chlorids in the percolate as determined 
by titration with silver nitrate and calculated as sodium chlorid,^ the 
alkalinity of the percolate as determinated by titration with N/io sul¬ 
phuric acid, using butter yellow as an indicator, and the character of 
the percolate with respect to turbidity. 


TablU I .—Effect of leaching with sodhim-chlorid solution followed hy water on the rate 
of percolation and the character of the percolate 


neacii- 

ing 

No, 

beaching solution. 

Percola¬ 
tion rate 
per minute. 

Salts in 
percolate 
(by bridge). 

Chlorids 
as NaCl 

Acid Nlio 
H 2 S 04 for 
100 cc. 
percolate. 

Character of 
percolate. 





Cc, 

P. p. m. 

P. p. VI. 

Cc. 


I 

Wjitpf_ 



1 . 2 K 


kB 

I. 80 

Yellowish. 

2 

..,,.do . 

I. 7c; 


2 X 

I. 40 

Whitish turbid. 

'I 

.do. 

I. CIO 


It 

.80 

Bo. 

0 

A 

.do.-. 

1.64 


4.7 

.66 

Bo. 

C 

.....do,.. 

2. It 



. 60 

Bo. 

0 

6 

.do. 

2. 00 


0 0 
2 Z 

. 66 

Bo. 

*7 

dn. . , 



18 

.66 

Bo. 

/ 

8 

NaCip.p. 

m. 93... 

I- 54 


70 

.66 

Slightly turbid. 

9 

NaCl p. p. 

m. 210.. 

1.82 


164 

•32 

Clear. 

'XjO 

NaClp.p. 

m. 227 . . 

A**. . 



281 

, 26 

Bo. 

II 

'NaCl p. p. 

m. 421.. 

I. 67 


375 

.32 

Bo. 

b 12 

NaCIp, p. 

in. 515.. 

I. 70 


468 

.32 

Bo. 


NaCl p. p. 

m. 795. . 



643 

*34 

Bo, 

14 

NaCl p. 

p. 

m. 

I. 23 


643 

X. 00 

Bo. 


1,028. 








IS 

NaCl' p. 

P- 

m. 

2.03 


1,286 

. 60 

Bo. 


1,987, 








16' 

NaCl p. 

p, 

m. 

1. 89 


2. 4 S 7 

.40 

Bo. 


3,226, 








17 

NaCl p. 

p. 

m. 

2, 00 


3, Sio 

•SO 

Bo. 


S.iSo- 








18 

NaCl p. 

p. 

m. 

I. 70 


7.030 

•30 

Bo. 


10,520. 








19 

NaCl p. 

P- 

m. 

I. 67 


IS, 7 ^ 

.40 

Bo. 


25,000. 








20 

NaCl p. 

IL. 

ifii. ’ 



32. 75 ° 

, 60 

: Bo. 

50,000. 

r* 





21 

NaCl p. 

p. 

m. 

1.43 


6s, S20 

1.20 

Bo. 


50,000, 








22 

NaCi p. 

p. 

m. 

1-33 


47 .969 

1.30 

Bo. 


50,000. 








23 

*NaCl p. 

P* 

m. 

1.25 


49 . 72s 

1 . 10 

Bo. 


50,000. 









1 The clear percolates, partioilarly those rcstiltiag; from the tise of the strong salt soltifcicttis, showed the 
presence of calcium, but the ciuantity was not determinated. 
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TABLBi I.— Effect of leaching -with sodiuni-chlond solution folUnvcd by miter on the rate 
"of percolaiion and the character of the percolate— Continued 


Lcacli- 

1,04 

No. 

Iveachin.4 soliitio.ii.. 

Percola- 
ti<»n rate 
per miuute. 

JStilts in 
perciilate 
(bybridjLie). 

Chlorids 
as NaCl. 

Acid A/ro 
I'or 

1:00 CO. 
percolate. 

Cliarucicr of 
percolate. 



Cc, 

P.p. 7 ) 1 , 

P, />. >«. 

Cc, 


24 

NaCl p, p. 01. 

X. 00 


48, sss 

I. 1:0 

Clear. 


50,000. 






25 

NaCi p. p. m. 



46, 780 

I. 20 

Do. 


57,440. 






26a 

Water. 

« 'z 6 a 


72 . 'y '70 

I. 40 

Do. 

26b 

.do. 

*’■ 23s 


40, 014 

I. 50 

Very turbid. 

26c 

.do. 

« 316 

930 

562 

19. 20 

Do. 

27 


. 267 

1,370 

281 

14. 60 

Do. 

28 

.do. 


780 

100 

12. 40 

Do. 

20 

.do.... 


622 

4.7 

XI. 00 

Do. 

— y 

.do. 



i 

Trace. 

6. 40 

Turbid. 



• 154 

0 V 

506 

...do- 

5 - 9 ^ 

Do. 


.do. 


486 

None. 

6. 70 

Do. 

0- 

33 

.do. 

. t6o 

450 

...do..,. 

6.60 

Do. 

34 


. X42 

371 

...do- 

4. 60 

Do. 

3 S 

.do. 

. 132 

371 

...do_ 

4. 00 

Do. 

36 

.do... 

, IS 4 

350 

...do.... 

$. 60 

Do. 

37 


. 140 

314 

...do- 

5.40 

Do. 

3S 

.do. 

. 131 

294 

...do_ 

4. 10 

Do. 

39 


. 091 

258 

...do- 

3- So ■ 

Do. 

40 


. 127 

233 

...do_ 

3. 04 

Do. 

41 


. 800 

195 

...do- 

3. 40 

Do. 

42 


. 760 

133 

...do- 

2. 40 

Do. 

43 


• 530 

132 

...do.... 

I. 40 

Do. 


40 CC. 20 CC. ^ 20 CC. 


It will be observed from Table I that tlie percolates from the first dis¬ 
tilled water leachings showed a slight whitish turbidity. This disap¬ 
peared after the leadiings with the salt solutions were begun, but the 
percolate became, very turbid when water was again used after the salt 
solutions. The first distilled water leachiiigs gave some alkalinity in the 
percolates; but this became less and continued very slight, with one ex¬ 
ception, until the strongest salt solutions were used. With leaching No. 
26, the first ■with distilled water after the salt solutions, a marked change 
took place. The first part of the percolate from this leaching differed 
little from the preceding, but the latter part was very turbid and strongly 
alkaline. The exception as to alkalinity noted above Is seen in perco¬ 
late No. 14. This may be explained by the fact that leaching No. 13 
wzs made on Saturday and No. 14 was made on the following Monday. 
Although the salt solution used for No. 14 was somewhat stronger than 
the preceding, evaporation from the tube had been sufficient, apparently, 
to,make the concentration of the soil solution stronger than the concen¬ 
tration of the leaching solution. Similar results have been noted where 
leachings have been''made' with solutions, of constant strength but with 
intervals betm^een the successive leachings 'during which the soil'was, 
allowed to dry out. . 
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It will be. noted from Table I that the alkalinity and turbidity of the 
percolate coiitiiiiied through many leachings after the UvSe of divStilled 
water was rest.inied, while tlie chlorids quickly disappeared. The rate 
of percolation also declined sharply when the leaching with distilled 
water was resumed. 

It is probable that the course of events indicated in part in the experi¬ 
ment just described may be explained as a partial change of tlie bases 
in the vsilicates of the clay in the soil. It is assumed that some of the 
sodium displaces some of the calcium in these silicates and that the 
calcium passes out as calcium chlorid. The resultant sodium silicates 
remain insoluble in the presence of such strong acid radicles as the 
sulphates and chlorids, but as these are leached away the silicates become 
soluble and by their high viscosity retard the rate of percolation. 

A similar substitution of bases is well known and widely used in the 
so-called zeolite process of water softening. In this process an artificial 
zeolite, rich in sodium, is used. The “hard” water to be treated is 
leached through the zeolite with the result that the lime is absorbed and 
some of the sodium is given up. From time to time the zeolite is re¬ 
stocked with sodium and the absorbed calcium is replaced by leaching 
it with a strong salt solution. 

It lias been shown by Kelley and Cummins ^ that such a substitution 
of bases takes place in the soil, presumably in the silicates, when soils 
are digested with dilute salt solutions. They found that calcium is ex¬ 
tensively replaced by sodium and tliat sodium is replaced by calcium, 
though in the dilutions and with the soils with which they worked the 
latter reaction was much less marked than the former. The final para¬ 
graph of their conclusions is sufficiently significant to warrant quotation. 

It is suggested that tlie continued addition of soluble salts in the open field whefe 
the products of the reactions are removed by either the growth of crops or intermittent 
leaching must ultimately result in building up a chemical system different from that 
originally present. As will be shown later, the physical properties of the system 
also may be materially altered, 

EFFECT OF CALCIUM SALTS' 

It was remarked above that the salts of calcium and of aluminum 
react differently in relation to subsequent leachings with distilled water 
than the salts of sodium. The use of gypsum .(calcium sulphate) lias 
been widely recommended as a corrective for difficulties with black 
alkali. These recommendations are usually based on the assumption 
that calcium sulphate reacts with the sodium carbonate in the soil solu¬ 
tion to form calcium carbonate, which is very slightly soluble, and 
sodium sulphate, which is one of the least toxic of the sodium salts. 

It is well established by numerous field experiments that gypsum 
exerts a beneficial effect when used on hard land. It is not very soluble, 

t ________ 

!■ Keiaev, W , P., and Cummins. A. B. chemicae upfect of SAXts on soid^s. In Soil Sci., v. xx , no. a, 
p. i3£riS9. 7 fig. X9ai. Refereaces, p. 138-159. 
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however, and has not been found effective where the soil is very im¬ 
permeable and where it is not practicable to mix the salt thoroughly 
with the soil. 

It has been found in these experiments that calcium chldrid is more 
effective in penetrating a compact and impermeable soil than the weaker 
solutions of calcium sulphate. It has also proved effective in making 
sucli soils readily permeable to water, and this permeability is retained 
after the calcium chlorid is well leached out with pure water. 

In a preceding paragraph it was remarked that the injurious effects 
of sodium salts in irrigation water were minimized when calcium salts 
were also present in sufficient quantity. It may not be possible to state 
definitely what these proportions should be in all cases, as this may be 
conditioned somewhat by the character of the soil. It is clear, however, 
that a soil rich in lime is not proof against injury from the sodium salts 
carried in the irrigation water. 

The neutralizing effect of calcium in solution with sodium is shown in 
Table II. In this experiment the soil used was also from the Yuma 
Mesa, but from a field that had been irrigated for 25 years witli muddy 
water from the Colorado River, so that it was rich in silt and clay. The 
sample used consisted of 50 gm. of dry soil placed in a funnel over a 
small filter paper. It was leached each time with 100 cc. of solution or 
water. This soil was first leached with a strong solution of calcium, 
chlorid which was followed by distilled water. It was then leached with 
a solution of equal parts of M/io sodium chlorid and M/20 calcium 
chlorid, which was again followed by several leachings with water. It 
was finally leached with a solution containing 75 parts of M/io sodium 
chlorid and 25 parts M/20 calcium chlorid, followed by distilled water. 

The results given in Table II show that the percolation rate for the 
water leachings was little or not at all retarded when tliey followed the 
calcium chlorid or the mixture of equal parts of the chlorids of calcit.tm 
and sodium. On the other hand, when the proportion of the sodium 
salt was much greater than that of the calcium the subsequent water 
leadiings showed the same symptoms as when the pure sodium vSalt was 
used. In this case the symptoms were rather more pronounced than 
with the soil used for the leachings shown in Table. I, probably because 
of the larger proportion of clay in the soil. 

From these results it seems probable that when irrigation water con¬ 
tains much more sodium than calcium its use may be followed by an 
appreciable hardening of the soil. Where the difference in the quantity 
of the two salts is not great or where the total quantity of the sodium 
is not large it may be practicable to prevent injury by the use of gypsum 
on the land. 

In order to test the effects of sodium and calcium salts on a soil that 
was known to be naturally almost impermeable, a sample was t^en 
'From a field' on ,the Newlands project near Fallon, Nev. This soil is so 
hard and impermeable that it is practically "unproductive, yet when it is:' 
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dry and thoroughly pulverized it has the appearance of a sandy soil. In 
pot cultures, when treated with gypsum and manure, it is very produc¬ 
tive, but it has not been found possible to reclaim it completely with 
gypsum in the field. 

The results of leaching experiments with Fallon soil are shown in 
Tables III and IV. In these experiments 50 gm. of dry soil were leached 
with 50 cc. of solution followed by the same quantity of distilled water. 
In one case, Table III, the chlorids of calcium and sodium were com¬ 
pared, and in the other case, Table lA^, the sulphates of the same bases 
were used. 


Tabli5 II .—Effect of calcium- chlorid and of mixtures of calcium chlorid and sodium 
chlorid luhen folloivcd by water on the rate of percolation and the character of the per¬ 
colate 


reach¬ 
ing'No. 

reaching solution. 

Percolation 
rate per 
minute. 

Acid 

required to 
neutralize 
100 cc. of 
percolate. 

Character of 
percolate. 

I 

MI6,25 CaClo . 

Cc. 

2.2!? 

Cc. 

0.8 

Clear. 

2 

Watef. . 

*-“0 

2.50 

1.58 

1.25 

1.92 

1.41 

1 1.28 

.6 

Do. 

3 

. do . 

*5 

1 . 0 

Do. 

4 

. do . 

Do, 

5 

. do. 

,8 

Do. 

6 

.do. 

.8 

Do, 

Do. 


jM/io NaCl 50 cc. 


7 

[MI20 CaCb 50 cc. 

.4 

8 

Water_* . 

2 -S 7 
2.83 1 

2.66 

.8 

Do. 

0 

. do ... 

.8 

Do. 

j 

10 i 

. do ..... 

.8 

Slightly turbid. 
Turbid. 

II 

.do . 

^ .00 

•5 

.7 

12 

. do . 

2.78 

} 2.83 

Do. 

Clear. 

f Mjio NaCl 71; cc . 


n 

/20 CaClo cc . 

.3 

14 

16 

Water_. 

2.59 
.65 
. 62 

.4 

Turbid. 

..... do. 

,8 

Very turbid. 
Turbid. 

.do. 

1.2 

17 

.do. 

. 036 

2.8 

Do, 




TABiyi'v lll.---Coniparison of leaching with sodium chlorid and calcium chlorid^ followed 
by water, showing the rate of percolation and the character of the percolate 


reach¬ 

ing 

No. 

reaching solution. 

Percolation 
rate per 
tninute. 

Acid re-' 
quired to 
neutralize 
100 cc. of 
percolate. 

i 

Character of per¬ 
colate. 

I 

Ml 10 NaCi... 

Cc. 

2. 78 

Cc. 

3 - S 

Turbid. 

2 

.do. 

n 3 S 

I- 5 

! Clear. 

3 

Water.. 

. 19 

1 5 

! Very' turbid. 

4 


* 023 

1 8.S 

Do. 

5 


. 028 

7 - S 

Do. 

I 

Mho CaCU. 

4. SO 

2. 0 

Slightly turbid. 

2 


I. 72 

1.0 

Clear. 

®3 

Water. 

I- 02 

1.4 

Whitish turbid. 

4 

.do. 

.67 ' 

I. 0 

Do. 

5 

.....do... 

* SO 

3.0 

Do. 
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TabIvS IV .—Compariwn of leaching wlih sodium snlphaie ami calcium snlphatc, followed 
by wakr, showing the rate of percolation and the character of the percolate 


Leach.- 

iiiff 

Wo. 

Ivcacliiaff solution. 

Pcrcolat ioa 
rat c j>er 
minute. 

Aeiil re- 
(juired to 
iiettf rali/.e 

JOO CC'. of 
jiercolale. 


M/jo Na.>S04. 

CV. 

0 


Uo. 

;r. ()2 

I. 7 


flo. 

I. ()2 

5 

8. 

0 

A 

Water . . . 

. 62 

s 

I 

do. 

. 007 

8.5 
y 0 

: CaSOj, Sat. Sol. 

2, 18 

2 

.. do. 

I. 4.7 

I. 16 

i. 8 

3 

4 

5 

6 

. .. .do. 

1. 8 

Water.. 

1-43 

2. 17 

I. 79 

I. 73 

I. 56 

5 

4. 0 

.do. 

. . do. 


7 

S 

.do. 

I. 5 

.do.' 

5 



ChumrtiM' of ptT" 
colilt (*. 


turbid. 

Clear. 

Do. 

\\M“y turbid. 

Do. 

Sliglitly turbid. 

■ Do. 

Clear. 

Do. 

Do. 

Do. 

Do. 

Do. 


Although the soil used in these experiments is almost impermeable to 
pure water it is easily leached with fairly strong (Af/jo) solutions of 
sodium chlorid or sodium sulphate. When these salt solutions are fol¬ 
lowed with water, however, the rate of percolation is at once greatly 
reduced and the percolate becomes turbid and alkaline. The same soil 
is also permeable to solutions of calcium chlorid and calcium sulphate 
and remains fairly permeable through the subsequent leachings with dis¬ 
tilled water. 

BASES OF IRRIGATION WATERS 

'■ In respect to the^ reactions produced in the soil it is assumed that 
potassium reacts in much the same way that sodium does and that 
'magnesium reacts like calcium. For purposes of coti'iparing one stream 
or water supply with another it seems proper to take the sum of the 
calcium and the tiiagnesium as one factor and the sum 0! the sodium 
and the potassium as the other factor in a proportion. convenience 
we may designate the first factor calcium and the second factor sodium 
and tlie ratio between them the calciLmi-sodium ratio. 

The calciuni-sodiimi ratio of the average of the analyses of 19 great 
rivers of the earth as given by Hilgard ^ is 84 to i6~that is, the sum of 
the calcium and the magnesium is to the sum of the sodium and potas¬ 
sium as'84 is to 16. According to the same authority the calcium- 
sodium ratio of tlie Nile is 69 to 31 for the high-water stage and 79 to 21 
for the^ low-water stage. It may be remarked that the calcium-sodium 
ratio'of a stream is a much more constant factor at any given point than 
is the total salt content. 

''For purposes of comparison with the ratios'given above, data are 
assembled in'Table V"concerning i'9 important irrigation streams in Ihe 

1 HjiOARD* B. W, soiw .p. st3,, N«w YotIc,' lyOmioti, X906, 
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western United States. In this table the chief bases are shown in col¬ 
umns 3, and 4, stated in milligrams per liter. In the last column is 
given the calcitim-sodiimi ratio for each stream. It will be noted that 
only one of the streams reported in Table V shows as high a proportion 
of calcium as the Nile, and none is as high as the average reported for 
tlie 19 great rivers of the earth. 

Ill the absence of accurate data as to the extent and seriousness of 
the “hard” lands in the areas irrigated by these streams it is not pos¬ 
sible to determine the correlation between the quality of the water and 
the condition of the land. It may be noted, however, that the land 
irrigated by the Belle Fourche and North Platte Rivers is notably free 
from difficulties as to impermeability though the soil at Belle Fourche 
particularly is very rich in clay. On the other hand, the land irrigated 
from the Salt and Gila Rivers in Arizona and that irrigated from the 
Truckee and Carson Rivers in Nevada is notably subject to difficulties of 
impermeability. 

TablB V.— Analyses of ig important irrigation streams in the 'western United States^ 
showing quantities of calcium, magneshim, and sodium plus three-fourths of the potas¬ 
sium, and the proportion of the S2im of the calcium and magnesium to the. sum of the 
sodium plus three-fourths the potassium ' 


Stream and station. 

Milligrams per liter. | 

Proportion of 
the sum of the 
calcium and 
magnesium to 
the sum of the 
sodium plus 
three-fourths 
the potassium. 

Calcium. 

Magne¬ 

sium. 

Sodium 
plus three- 
fourths of 
the potas¬ 
sium. 

Belle Fotirclie, Belle Fourche, S. Bak.. . 


37 

57 

75 : 25 

Big Horn, Fort Custer, Mont. 

63 

21 

44 

66 : 34 

Boise, Boise, Idaho. 

18 

4 

16 

58 : 42 

Carson, Hazen, Nev... 

32 

8.6 

30 

57 : 43 

Colorado, Yuma, Ariz. 

92 

23 

no 

51 :49 

Gila, San Carlos, Ariz. 

81 

22 i 

150 

41 : S 9 

Grand, Palisade, Colo. 

62 

17 

66 

55 : 45 

Green, Jensen, Utah. 

55 

17 ! 

45 

63 : 37 

Link, Klamath IMls, Oreg... 

12 


21 

46 ; 54 

Little Colorado, Woodruff, Ariz. 

68 

17 

no 

44 : S6 

Milk, Havre, Mont. 

47 

29 

120 

39 : 6i 

North Platte, Fort Laramie, Wyo.. 

69 

j8 

40 

68 : 32 

Pecos, Dayton, N. Mex. 

440 

100 

400 

57 • 43 

Rio Grande, El Paso, Tex. 

100 

28 

no 

52 : 4S 

Sacramento, Red Bluff, Calif. 

16 

7. 4 

x6 

59 • 41 

Salt, Roosevelt, Ariz. 

59 

18 

no 

41 : 59 

Shoshone, Cody, Wyo. 

23 

6. 7 

29 

51 : 49 

Tmckee, Derby, Nev. 

20 

6. 9 

29 

48 : $2 

Yellowstone, Billings, Mont. 

39 

11 

36 

58 : 42 


1 Stabler, Herman, some stream waters or the western united states. . . U. vS. Geol. Survey, 
Water-Supply Paper 274,18S p. 19x1. 

In discussing his methods of analysis. Stabler says: “ The figure representing sodiiiin and polassiitra 
together was obtained by calculating the weight of their combined chlorides to sodiuiii. Tlie result' is in 
reality the amount of sodium plus three-fourths the potassium, and is so reported i'li the tables, ” 

In view of the fact that the potassium content of most of these waters is low, the diiXcrencc between this 
figure and the actual sum of sodium and potassium is proiiohly not great. 
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The waters of the Colorado River and its tributaries, the Salt and the 
Gila, are so extensively utilized for irrigation that they merit particular 
emphasis in the present connection. These waters have been the subject 
of extensive investigation and careful analysis. The Salt River is 
reported in Table Y, on the basis of samples taken at Roosevelt, Ariz., 
as showing a calcium-sodium ratio of 41 to 59. From samples collected 
daily for a year at a point lower down the stream, Forbes has reported in 
detail as showm in Table VL The analyses made,by Forbes show a 
higher salt content than those reported from Roosevelt and, a higher 
proportion of sodium. It is clear that the long-continued use of water 
carrying such a high proportion of sodium must tend to produce imperme¬ 
ability ill the land unless corrective measures are used. 

The Gila Ri'\’'er is characterized by great fluctuations of discharge. It 
drains a large watershed that is subject to torrential rains that gather 
into silt-laden floods. The quantity and character of the more important 
bases carriod by this stream are shown in Table VII, which covers the 
period of a 3’ear. It wdll be noted that the calcium-sodium ratio given 
for the Gila in Table V corresponds closely with that reported for the 
summer flood period in Table VI I. 

The quality of the water of the Colorado River at Yuma is given for 
seven characteristic periods of a year in Table VIII. It will be noted 
that the main river at Yuma carries less salt and a higher proportion of 
calcium and magnesium than its Arizona tributaries. In this it probably 
reflects the influence of its northern tributaries such as the Green and 
the Grand shown in Table V. 


Table VI. —Analysis of Salt River water samples taken from Arizona Canal at Mesa, 

Ariz., iSg^iggo ^ 


Period. 

Calcium 
plus mag:- 
nesium. 

Sodium 
plus potas¬ 
sium. 

Calcium- 

sodium 

ratio. 

1. High and low snmnier water, Aug., 1899. 

P.p. M, 

S 5‘3 
i 125.3 
100.3 
‘ 68.6 

P. p. 7 M. 
134.9 

197.1 

285.4 

325.2 

i 339*3 
41B.5 

Id : 6r 

2. Stiinmer flood water, Sept, 2 to 9, 1899. 

oy • 
go r 61 

3. High and low snmmer water, Sept. 10 to Oct. 9,1S99. 

4. Low winter water, Oct. 18 to Dec. 30,1S99. 

, 26 : 74 

21 : 79 

1 21 :79 

23 : 77 

5. Low winter water, Feb. 17 to May 30,1900. 

1 72.9 

97-9 

6 . Very low summer water, June i to Aug. 4, 1900. 


^ Eorbes, R. H. thb rivejr-irkigating waters of ARIZONA. Ariz. Agr. Exp. Sta. Bui. 44, p. 174, 1902. 

Table VII. —Analysis of Gila River water samples taken at head of Florence Canal, 

i8gg-igoo ^ 


Period. 

Calcium 
plus mag¬ 
nesium. 

Sodium 
plus potas¬ 
sium. 

Calciiim- 

sodium 

ratio. 

1. Low 'Winter water, Nov. 28, 1899 to Jau. 18, 1900.. . 

2. Low winter water, Feb. 1 to. Mar. 7, 1900. 

P, p. m . 
78.8 
95*2 
69.2 

118.S 

P. p. m . 
329.9 
294.5 
xoa. 0 

24 : 76 
24 ; 76 
4S : 60 
29 :7i 

3. Summer fl'Ood water, Sept, x to 28, 1900,... 

4. Summer low water, Sept, 29, to,Nov,. 5, 1900. 

286.9 


4 ^ Fowes, R. Ef.;OP., ciT.. p. '1,9s, 
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Tabi^B YIll.—Analysis of Colorado River water samples taken at Ymna^ Ariz., igoo- 

igoi ^ 


Period. 

Calcium 
plus ‘ mag ¬ 
nesium .. 

Sodium 
plus potas¬ 
sium. 

Calcium- 
sod itim 
ratio. 

I, L'Ow winter water, Jan. 10 to Mar. 26,1900. 

P. p. m. 
106.3 

P. p. m . 
200.5 

35 : 65 

2. Rising summer water, Mar. 27 to Apr. 31,1900. 

68.6 

174.2 

28 : 72 

3. High summer water, May i to June 29, 1900. 

53.s 

65.1 

45 * 55 

4. Low summer water, June 30 to Aug. 26,1900 . 

57.S 

89.2 

39:61 

5. Summer flood water (local), Aug. i to Oct. i, 1901.. 

98.7 

164.0 

38 ; 62 

6. vSunimer flood water (Ariz.) Oct. 2 to Nov. 19,1900.. 

152.5 

203.0 

43 : S 7 

7. Ivow winter water, Nov. 20, 1900, to Jan. 24, 1901... 

119.7 

171.7 

41 : 59 


1 Forbes. R. H. op. cit., p. 205. 


These data with respect to some of the more important irrigation 
streams of the western United States show that in general these waters 
carry a higher proportion of sodium than the Nile. If our present 
hypothesis is correct it may be found advisable to remedy this condition 
by supplying calcium, or some other high valent base such as aluminum, 
in soluble form to the land or to the irrigation water. There are marked 
differences in irrigated lands under the same water supply with respect 
to the tendency to become impermeable with continued irrigation. 
Further investigation may be expected to explain these differences and 
may point the way to correcting difficulties that are now acute. 

SUMMARY 

(1) On certain irrigated lands in the western United States the soils 
are not readily permeable to w^ater and become hard and difficult to work 
into good tilth w^hen dry. 

(2) In extreme cases such soils are relatively unproductive because 
they do not absorb a sufficient quantity of water from periodical irri¬ 
gations to supply the crop plants, particularly during hot, dry weather. 

(3) Where the soil is not readily permeable to water it is sometimes 
difficult to wash out the excess of soluble salts that may be present in such 
quantities as to injure crop plants. 

(4) This hardness or impermeability' of the soil is believed to be due to 
the effect of sodium on the clay in the soil 

(5) A soil may become hard and its permeability become reduced by 
irrigating with water containing sodium carbonate. 

(6) Similar results may follow when soils containing excessive quan¬ 
tities of sodium chlorid or sodium sulphate are leached with pure water. 

(7) In the presence of certain other bases such as calcium or aluminum, 
in appreciable' quantities and in soluble form, the injurious action of 
sodium on the clay does not take place. 
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(8) When irrigation water contains more sodium and potassium than 
calcium and magnesium there is danger that its continued use may cause 
the land to become hard and impermeable to water. 

(9) Some of the important supplies of irrigation water in the United 
States carry more sodium and potassium than calcium and magnesium, 
and difficulties of hardness and impermeability of the soils are developing 
from the use of such water. 

(10) It is believed that these difficulties may be remedied through the 
use of calcimn or aluminum in soluble form applied either to the land or 
in the irrigation water. 




EFFECT OF lOiTION ON THE DEVELOPMENT OF PIGS 

By C, O. Swanson 

Associate Chemist, Depari'tnenf of Chemistry, Kansas Agricultural Experiment Station 

L CHEMICAL COMPOSITION OF PIGS AS INFLUENCED BY THE CHAR¬ 
ACTER OF THE RATION 

In the year 1911 a series of experiments ^ was begun at the Kansas 
Agricultural Experiment Station to study the deficiencies of corn as an 
exclusive ration for young growing pigs. The material for this and the 
following sections has been selected from the mass of data obtained in 
these experiments. The influence of the character of the ration upon the 
development of pigs has been studied by a number of investigators.^ 
Forbes (j) noted that the specific effects of com alone are in general a 
retarded development of the protein and bony tissue and an overdevelop¬ 
ment of fatty tissue. In a later publication by the same author and asso¬ 
ciates (4) the statement is made that rations deficient in constituents 
needed for growth resulted in a restricted development. 

Sanborn (<J, 9,10), one of the first investigators in this country to study 
the effect of com on the development of pigs, noted that pigs receiving 
com only were, deficient in muscular development and were overfat. 
Pigs receiving a higher protein ration gained weight more rapidly and 
with a smaller amount of feed. 

Henry (5, p. S3) noted that the corn-fed hogs had an excessive develop¬ 
ment of fat but an inferior development of muscular tissue. 

Emmett and associates (2) fed three lots of four 51-pound pigs during 
a 174-day period a ration of ground com, blood meal, and calcium 
phosphate, Lot i was fed 0.32 pound ,of digestible protein day 
per 100 pounds live weight; lot 2, 0.7 pound of digestible protein; lot 
3, 0.94 pound of digestible protein. The slaughter test made at the end 
of the experiment showed that pigs in lot i were not normally developed. 
The protein intake was on too low a plane. Pigs in lot 2 showed a 
normal development, and there was little difference between the pigs 

^ These csKperimeats were origtnated by Dr. Henry Jackson Waters while he was president ol the Kansas 
State Agricultural College and were prosecuted under his direction, by the Departments of Aniinai Hus¬ 
bandry and Chemistry of the Kansas Agricultural Experiment Station. 

2 No attempt is here made at a complete review of the literature on this' subject Bibliographies relative 
to this subject are given in Bulletin 169 (xr) Illinois Agricultural Experiment Station. 

^ Reference is made by number (italic) to‘%iterature cited/* p. 341. 
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in lots 2 and 3, showing that the larger amount of protein given lot 3 
had but little apparent influence. 

Continuing the studies on the three lots of pigs mentioned above mdth 
reference to the ash content of these pigs, the authors (zi) found that 
variations in the amount of digestible protein consumed did not influence 
significantly the percentages of distribution of total and water-soluble 
ash. In further studies on these same lots of pigs, Joseph (7) reports 
that variations in the amoimts of protein consumed by growing pigs 
do not seem to affect the nature of the nitrogenous material produced 
during growth. When the supply of body protein is deficient, either 
quantitatively or qualitatively, it seems that only the amount of body 
protein is affected, while the character of the body proteins- formed in 
the tissues remains unchanged. 

The experiments conducted at the Kansas Agricultural Experiment 
Station cover a wide range of feeds and extended over a period of six 
years. Each numbered experiment refers to a ^^'ear’s work. For this 
reason the data obtained in regard to the effect of the character of the 
ration on the chemical composition of pigs are large in amount and varied 
in character. 

,,,, , PnAN OF THn EXPERIMENTS 

The general plan of these experiments was to feed one lot of young 
growing pigs on com alone, another lot on com and ash, and other lots 
on com supplemented with feeds calculated to supply either the protein 
or ash deficiency in com, or both such deficiencies. The feeds supplying 
this protein contained ash, except for two lots in experiment VI. Each 
lot of animals usually consisted of three pigs. The pigs in all the lots 
for any one year were of uniform age, size, and breeding. But, unfor¬ 
tunately, the age of the pigs w^as not the same in different experiments. 
All were Duroc-Jerseys. The pigs were fed in individual stalls, and the 
pens were so constructed that those in the different lots had no access 
to foreign material. The amount consumed by each pig was carefully 
controlled and recorded. There were six expeiiiiients in all, one each 
year. The first one was of preliminary nature, and no data from this 
experiment are used in this and following papers. The data are taken 
only from pigs on which slaughter tests were made. 

DESCRIPTION OF SUPPEEMENTARY FEEDS USED 

Bone ash.—T his was ordinary commercial bone ash. 

Synthetic ash. —^This mixture was prepared according to 'MendeFs 
formula, except that magnesium. citrate was omitted and calcium car¬ 
bonate added. 

Calcitim phospliate {tertiary)... 

Potassium phosphate (secondary) 

.Sodium chlorid.. 

'Calcium carbonate.... 


10 parts; sodium citrate.... 15 parts. 

37 parts; sodium tartrate... '8 parts. ® 
30 parts; ferric citrate..... 2 parts, 
pa.parts. 
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Black blood albumbn. — ^TMs was a commercial product containing 
80.75 per cent protein and 3.61 per cent ash. 

Milk protuin.^ —^Tliis contained both the casein from skim milk 
separated by precipitation with acetic acid and the milk albumin 
separated by acetic acid and heat. It contained practically all the 
protein of the milk. 

Milk casein and milk albumin were the same as above, except 
that the}^ were kept separate and were fed to different lots. In experi¬ 
ment VI commercial buttermilk casein was used. 

Protein-free skim milk was the filtrate obtained after the separation 
of the casein and the albumin. This contained, as an average of sev¬ 
eral analyses, 0.68 per cent ash, 0,34 per cent nitrogenous compounds 
(N X 6.25), and 5.90 per cent sugar. 

Corn germ was a commercial product containing on the average 
16.50 per cent protein, 5.64 per cent ash, 19.13 per cent ether extract. 

The starch used was ordinary commercial cornstarch. 

The ash-free blood protein was prepared from blood defibrinated 
and chilled at the packing house. When received at the laboratory it 
was diluted with four or five times its volume of distilled water, acidified 
with acetic acid, and heated to boiling with live steam.. The coagulum 
was filtered on linen cloth suspended on a .steam cheese vat. After 
draining, it was washed with a large volume of distilled water and again 
filtered on the linen cloth and then dried over electric plates in a current 
of air. When dry it was ground to pass a millimeter sieve. As thus 
prepared it contained 95.06 per cent protein, 1,09 pet cent ash, 0.0126 
per cent calcium, and 0.082 per cent phosphorus. This is designated as 
ash-free blood protein. 

METHOD OF COMBINING FEEDS 

Ash as a soxe supplement to com was fed in such amounts as to make 
2 or 2.5 per cent of the ration. When ash was fed in addition to some 
protem-siipplying feed in experiment VI it constituted 4 per cent of 
the ration,' The protein-free skim milk obtained from 3 pounds of milk 
was fed for each pound of com. This proportion is designated as i to 3, 
The casein obtained from 3 pounds of milk was fed for each pound of 
com to lot 16 in experiment VI, lot 22 in experiment V, and an equivalent 
amount to lot 35 in experiment VI. These amounts are designated 
casein i to 3. Lot 36, experiment VI, was fed casein in half these 
amounts. The amount is designated casein i to Lot 37, experi¬ 

ment VI, was started with the same ratio as the lots mentioned above, 
I, to 3, and then the amount of casein was gradually reduced so as to give 
a progressively wider nutritive ratio. This is designated as casein re¬ 
ducing. ' The co^n, starch, casein, and ash fed lot 34, experiment VI, 
were combined in such proportions as to give the nutritive ratio^ of average 
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com. Tlie seventh day feeding means that on every seventh day milk 
protein or milk casein from 3 pounds of milk was fed for each pound of 
com and on six days corn alone was fed. The ash-free blood protein 
was fed in such amounts as to give a nutritive ratio approximating i to 4. 

The black blood albumen was fed in such amounts as to make a nutri¬ 
tive ratio very nearly i to 5. Alfalfa pasture was the sole feed of the 
pigs in two lots. One representative pig from each of the latter lots 
was slaughtered when taken off the alfalfa pasture. After being taken 
off the pasture the pigs were fed corn alone. Milk albumin from 3 pounds 
of milk for each pound of com was fed to lot 17 in experiment IV. In 
experiment V, lot 26, the albumin was fed in such amounts as to furnish 
an amount of protein nearly equivalent to the casein in 3 pounds of milk 
for each pound of com. The former is designated as small amounts and 
the latter as large amounts. The corn germ was fed in the proportion 
of I pound of germ to 2 pounds of corn. The com was fed in the form of 
meal, and the supplementary feeds were mixed with this meal. 

AMOUNTS CONSUMED 

The amounts of the several chemical constituents in the various feeds 
consumed by the different pigs during these trials are given in Table 
It should be noted that the data refer to only one pig from each lot. 

TAsm I .—Pounds of nutrients from corn and supplementary feeds ccmsumed by pigs 

during the experiments 


\ 

Es:peri-: 

meat 

No. 

I.ot 

No. 

Ratioa. 

Dry 

matter. 

Ash. 

Protein. 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Ether 

extract. 

II.... 

I 

Com.. 

441. 07 

7 - 51 

42. 58 

9-03 

363- 34 

18.61 


r,.. .do... 


373- 68 
II. II 

6. 36 

II. II 

36.07 
........ 

7-65 

307- 83 

^ 5-77 

II.,.. 


Ash (bone).. .. 

2 

j ^ ^ 







[ Total. 

384- 79 

17- 47 

36.07 

7. 65 

307- 83 

^ 5 - 77 






[Com..... 

1 , 097 - 7 S 
139. 08 

18, 70 

c. 70 

105- 97 
129. 21 

1 ■ ' ■■ ■ ' 

: 22. 49 

904. 27 

46.32 
3 - 78 



Black-blood albii- 

11.... 

3 ’ 

men. 






Total. 

I, 236. 83 

24.49 

235. 48 

* 29 AO 

904. 27 

SO. 10 







[Corn. 

I, 224. 41 

152. 75 

47. 62 

20. 85 
6.33 

47. 62 

I18. 20 

142. 25 

' 25. 08 

I, 008. 6x 

SI. 67 

A. I d 



Black-blood albu¬ 

II.... 

4 ' 

men. 

Ash (bone). 













Total. 

1,424.78 

74.82 

260. 4 

25. 08 

1,008. 61 

SS’ 82 




III... 

6 

Com..... 

206. 73 

3 * 47 

22.47 

5.10 

165.94 

9-75 




III;.’ 

7 

r—do... 

IA^ (synthetic)_ 

3:32. 59 
2.99 

2. 22 
2.99 

14. 41 

3-27 

106.44 

6.25 

1 . * 







4 Total.,...'_ 

135-58 

d. 21 

; 14-41 

: 3 '^ 

106.44 





0* 
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Table I,-—Pounds of nutrients from corn and supplementary feeds consumed by pigs 
during the experiments —Continued 


Experi¬ 

ment 

No. 

Lot 

No. 

Ration. 

Dry 

matter. 

Ash. 

Ptoteia. 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Ether 

extract 



fCorn... 

77.48 

18.43 

I. '?o 

8. 42 
.85 

I. 91 

62, 20 

3-63 



Protein-free skim 

I. 70 

15.88 

in... 

8 

milk I to 3, 






[ Total. 

95-91 

3. 00 

9.27 

I. 91 

78. 08 

3- 63 






fCorn.. 

832.8s 

98-93 

13- 97 

6- 33 

9 °- 34 

89-39 

20. 54 

668. 50 

39 * 30 
3 - 23 

III... 


Milk protein i to 3. . 

9 





[ Total. 

931. 80 

20. 30 

179* 93 

20. 54 

668. 50 

42. S 3 




IV. . . 

13 

Com. 

383- 43 

8. 60 

41. 88 

9. 24 

310. 93 

12. 80 


f.... do. 


290. 41 

6. 42 

6. 51 

6. 42 

31.72 

7. 00 

233- 49 

9.69 

IV. .. 


Ash (synthetic). 

14 








Total..-. 

296. 83 

12. 93 

31.72 

7. 00 

233- 49 

9.69 






rCom.. 

340. 37 
65.81 

7 - 63 
6.43 

37 - ^7 

3. 24 

8.20 

276. 01 

II. 36 



Protein-free skim 

56.14 

IV. .. 

15 

milk I to 3. 





Total.. 

406. 18 

14, 06 

40.41 

8. 20 

332-xs 

II, 36 






f Corn. 

773 - °4 
71. 77 

17 - 39 
3 - 27 

84- 65 
66. 65 

18. 67 

62 8. 46 

23.87 
1.8s 

IV. .. 

16 

Casein i to . 






1 

[ Total. 

846.81 

20. 66 

151.30 

18. 67 

628.46 

27. 72 






fCom. 

340 - 37 
8.06 

12. 13 
. 71 

39-°4 
6. 71 

13,02 

438- 34 

18. 04 
.64 



Milk albumin (small 
/ amounts). 

IV. .. 

17 






Total. 

348. 63 

12 , 84 

63- 73 

I 02 

438.34 

18.68 







rConi. 

609, 77 
8.66 

i^. 68 

66. 60 

14. 69 

494 .45 

20.35 

•23 



Milk protein i to 3, 
every seventh day. 

•43 

8. 00 

IV... 

iS 





Total. 

618. 43 

14.11 

74, 60 

14.69 

494. 45 

20. 58 




V. ... 

21 

Com. 

239. 47 

3-97 

27. 2S 

s-13 

X 93 -XQ 

9.93 


r ..do. 


581. 25 
62. 56 

9-47 

2.73 

63. 72 
30.72 

12. 42 

469. 65 
7.91 

23- 99 

I, 20 

V. ... 


Milk casein i to . 

22 

I 1 LU 0- • • 




[ Total. 

643.81 

12. 20 

116. 44 

12. 42 

477 - 36 

23-19 






fCom. 

273.76 

130- 34 

4 - SI 
6.97 

31.07 

21. 47 

3-83 

8.66 

220, 99 

93 - 38 

11.34 
17. 86 

V. ... 


Com germ. 




1 

[ Total. 

424.10 

II. 48 

52- 54 

14. 51 

316-37 

29. 20 






(Com. 

679.83 
66.16 

II. 15 

7. 91 

77.04 
46. 32 

14 - 34 

548. 99 

8. 38 

28. II 



Milk albumin (large 
amounts). 

3-35 

V. ... 

26 




Total. 

745 - 99 

19. 06 

123.36 

14. 54 

557*37 

31. 66 
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TabIvE I. —Pounds of nutrients from com and supplenientary feeds cofisumed by pigs 

during ike experiments —Continued 


Bxpefi- 

ment 

No. 

Lot 

No. 

35 Lation. 

Bry 

matter. 

Ash. 

Protein. 

Crude 

fiber. 

N itrogen- 
free 

extract. 

Ether 

extract. 



fCom.. . 

485- 75 

6 . So 

8 . 01 

SS-16 
S- 61 

10.39 

392. 07 

• 76 

20. 12 



Milk casein i to 3, 
ever}^ seventh, day. 


• ^3 

V. .. . 

29 

• 0^ 




Total. 

492- ?S 

8.31 

60. 77 

10. 39 

392 - S3 

20. 25 







fCom. 

I, 849. 70 

33 - 45 

205. 73 

49 - 95 

1,487. 36 

75-21 





(’) 



0*+ 





ili—V 

[ Total. 

I , 890. 24 

73 - 99 

203. 73 

49 - 95 

1,487. 36 

75.21 






CCom . 

I. 723- 43 
332- 43 

31-32 

31. 6g 

190. 75 
16. 03 

38- 34 

1,392. 60 
284. 71 

70. 42 



Protein-free skim 
milk I to 3. 

III~V 

(‘) 





Total. 

2, 055. 86 

63. 01 

206. 78 

38- 34 

1.677.31 

70.42 




VI. . . 

30 

Com. 

118. 61 

I. 79 

I. 70 
3 -15 

12.99 

12.36 

2. 41 

2. 29 

95 - 95 

91. 28 

5 - 47 

$. 20 

r.... do.. 

112. 83 
3 ‘i 5 

VI. . . 


1 (^svnt'hetif'V 

31 

xisn ^synmeiic; 






[ Total. 

IIS- 98 

4. 8s 

12.36 

2. 2.9 

91. 28 

S- 20 



(Com... 

203.32 
23.90 

3. 06 

22. 27 
23.61 

4. 13 

164. 49 

9*37 
. 02 



Ash-free hlood pro¬ 
tein. 

'^.27 

VI. . . 

32 





Total..... 

227. 22 

3 - 33 

45- 88 

4. 13 

164. 49 

9 - 39 



fCom. 

358- 77 

42. 18 

17.7S 

s- 41 

. 48 

17.78 

39.29 
41. 66 

7 ‘ 29 

290. 24 

16. 54 
. . .04 



Ash-free blood pro¬ 
tein, 

jAsh (synthetic). 

VI. . 

33 













Total. 

418.73 

23. 67 

80. 95 

7. 29 

290. 24 

16. 58 



[Com. 

226. 87 

3. 42 
2. 21 

24.84 
.76 
21, 85 

4. 61 

183- 54 

187. 59 

1.47 

10. 46 
• IS 
3. 24 



Starch. 

190. 71 
27 . 

VI. . . 


Casein. 

.80 


34 

Ash (synthetic). 

12.56 

12. 56 












Total. 

457 - 50 

18. 99 

47 - 45 

4. 61 

372. 60 

1.3- 85 



[Com. 

432. 40 
loi. 03 
14 - 87 

6. 52 
2.94 
14*87 

47-3 S 
80. 70 

8. 78 

349.81 

S ‘42 

19. 94 
11.97 



Casein i to 3. 

VI..-.' 

35 ’ 

{Ash (synthetic). 









Total. 

548. 30 

24.33 

I2S. 05 

8. 78 

3 SS- 23 

31.91 



[Com. 

466. 03 
26. 06 

7. 02 
.76 
13 - 73 

51.03 
20. 81 

0. a? 

377. 02 

I. 40 

21.49 

3-°9 



Casein 1 to ifz . . ■ • - 


VI. . . 

36 . 

Ash (synthetic). 

13* 73 









Total. 

SOS- 82 

21. SI 

71. 84 

9. 47 

378. 42 

24. s8 



rCom . 

484. 59 
32. 35 
14.28 

7 - 30 
‘94 
14. 28 

53-07 

25.84 

9 - 85 

' 392-03 j 
I, 74 

22- 34 

3-S3 



Casein reducing.... 
Ash (synthetic). 

VI. .. 

'37 ■ 










Total . 

331. 22 

22. 52 

78.91 

9 - 85 

393 * 77 

2*6. 17 





i Contiaitation hog. 
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SI^AUGHTER TESTS 

One or two representative pigs were siaugiitered and analyzed at tie 
beginning of the trial, it being assumed that the rest of the pigs used in 
the 'tiial had the same average composition as these pigs which were 
designated as control pigs. At the close of the trial one representative 
pig from each of several lots was slaughtei^ed. In this and the following 
sections only the data from pigs slaughtered are used. The following are 
the most important data w^hich were obtained at the time of slaughter: 

Live weight. 

Weight of blood as obtained. 

Weight of dressed carcass. 

Weight of the several internal organs. 

Weight of stomach, intestines, and bladder before and after 
removing contents. 

Weight of fatty tissues, lean tissue, skin, and bones. 

Chemical composition of the various portions into which the ani« 
mals were divided. 

After separation, these parts or portions were ground to a pulp by 
passing several times through a power sausage mill. The bones were first 
passed through a bone cutter. In the first three experiments six samples 
from each pig were prepared and analyzed—^namely, blood, internal 
organs, lean tissue, fat tissue, skin, and bones. In experiments V and 
VI these were combined so as to make but two samples, soft tissue and 
bones. Since the weight of these several portions and the percentages of 
moisture, ash, protein, and ether extract or fat were known,^ it xvas 
possible to calculate the pounds of these constituents present. The per¬ 
centage composition was then calculated by dividing the total pounds of 
each of the several constituents by the live or empty weight, as the case 
might be. This latter refers to the weight of the animal less the weight 
of the contents of the stomach, intestines, and bladder. In this paper 
the percentages on the basis of empty weight are used. 

PERCENTAGE COMPOSITION OF THE CONTROL PIGS 

The percentages of moisture, ash, protein, and ether extract or fat, as 
well as the age and empty weight of the control pigs slaughtered in these 
fi.ve experiments, are given in Table IL ■ In experiments II and III there 
were two control pigs slaughtered and analyzed, and the figures given are 
the averages of these. Unfortunately, the ages of the pigs in the different 
experiments are not the same. The fact that the pigs were started at an 
earlier age in some experiments than in others no doubt had an influence 
on the results. 


^ As this ether extract was nearly pure fat. this term will be used. 
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Tabi^B II .—Chefnical composition of control pigs 


Experiment No, 

Age of 
pigs. 

Empty 

weight. 

iMoisture. 

Ash. 

Protein. 

Ether 

extract. 

---- 

11. 

Months. 

Pounds. 

S °-38 
37. 65 

Per cent. 

so- 38 

49 - 03 
SS- 67 

60. 50 
57- iS 

Per cent. 

3 * 3 ^ 

Per cent. 
13. 03 

Per ce7ii. 

27* 39 

III. .... 

2. 79 

II. 9S 

29. 00 

IV.... 

4 

1 2 

40. 97 
34 - 63 

T 72 

5. 92 
3. 06 : 

16. 35 

25. 30 

V.... 

15. 42 

14. 87 


1 

2. Si 

44. 

IS- IS 



-*“0 


From experiment III, one pig from the lot fed com and S3mthetic ash 
and one from the lot fed com and protein-free skim milk were continued 
on these feeds until they were nearly 3 years old. At the time the pigs 
from experiment V were slaughtered these two were included in the test. 
These two pigs are indicated by the name of the ration and the numerals 
III-V. For convenience these two are called continuation hogs, since 
they were continued from experiment III to the end of experiment V. 

CHEMICAL COMPOSITION OE REPRESENTATIVE PIGS 

The figures for percentages of moisture, ash, protein, and ether extract 
in representative pigs from different lots in these experiments are found 
in Table III. These figures were calculated on the basis of empty weight. 
For purposes of study these figures are arranged in the order of increasing 
empty weights, beginning mth the smallest. 

MOISTURE CONTENT 

The figures for moisture percentages are plotted in figure i, using the 
empty weights as ordinates and the percentages of moisture as abscissas. 
The roman numerals throughout the legends refer to the different experi¬ 
ments. On the whole, the percentage of moisture decreases as the si^e 
increases. This curve shows that these pigs can be divided roughly into 
three classes; (i) Below 100 pounds, (2) between 100 and 300 pounds, 

,' and (3) above 300 pounds. In pigs below 100 pounds the variations are 
irregular in the extreme, and all the pigs in this class had deficient rations, 
the second class the variation is somewhat more regular, and there is 
‘distinct tendency to decrease in percentage of moisture with increasing 
/ The pigs weighing more than 100 pounds and less than 300 pounds, 
;y,^^ch were fed a ration supplying both protein and ash in addition to 
havem tendency to carry a higher moisture content than those 
isttdch were fed either protein or ash alone as a supplement. Above 300 
, pounds the curve shows distinctly that the tendency is to a decrease in 
r moisture ,as the size increases. Size is the predominating factor when 
^ ihe ration, produced an animal weighing between 300' and 400 pouhds. 
.;i;jThis is due,to the accumulation of fat, 'as will be shown later. 










Tabli$ III .—Chemical composition of representative pigs slaughtered at the end of each experiment 
[Arranged in the order of increasing weights of pigs] 
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FAT CONTENT 

The figures for the percentages of fat are plotted in figure 2 in a manner 
similar to that used in figure i. As in the case of the moisture percent¬ 
ages, the pigs below 100 pounds show extreme variation. Between 100 
pounds and 250 pounds the variations show no distinct tendency to 



increase or decrease. Above 250 pounds the tendency to increase in fat 
content is pronounced. 


COMPARISON' OF THE PERCENTAGE OF MOISTURE AND FaT 

', The pigs which have a high moisture content have a low fat content. 
A study of the figures in Table III and the graphs in figures i and 2 will 
show that in all pigs whose weight is below 100 pounds the percentage 
of moisture is higher than the percentage of fat. In all pigs ■'whose 
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weight is above 225 pounds the percentage of fat is higiier than the 
percentage of moisture. Between these two limits the variation is 
irregular. If this irregularity is studied further it will be found that 
wherever the moisture content is higher than ’ the fat content com has 
been supplemented by both additional protein and ash. When the fat 
content is higher than the moisture content the com has been supple¬ 
mented only by one feed furnishing either additional protein or ash, or 
com was fed alone. This is readily seen by the figures given in Table IV. 

TablB IV. —Percentage of moisture and fat in pigs of hetwee^i 100 and 22 j pounds weight 
MOISTURE) TOWER THAN TAT 


Experi¬ 
ment No. 

Ration. 

Empty 

■weight. 

Moisture. 

Fat. 

II.. 

Com alone... 

Pounds. 

141- 50 

105. 25 
122. 80 

Per cent. 
33-0 
38.0 
35-0 
35 -0 
33*0 

33*0 

34.0 

Per cent. 
47-0 
44.0 
45-0 
47.0 
47-0 
43*0 
51.0 

IV. 

.do. 

II. 

Com and ash.... 

IV. ..... 
IV. 

Com and protein-free skim milk. 

Com and milk albumin. 

127. 45 
s8i. 00 

V. 

IV. 

Com and casein, seventh day feeding. 

Com and milk protein, seventh day feeding. 

139. 84 
209. 95 


MOISTURE HIGHER THAN EAT 


V. 

VI 

VI 

VI 

VI 

VI 


Com and com germ. 

Com, starch, casein, and ash. 

Com, casein, and i to zH . 

Com, casein, and ash i to 3... 

Com, casein, and ash widening. 

Com, ash-free blood protein, and ash, 


140. 44 1 

40. 0 

33-0 

^ 59 * 35 ! 

42. 0 

37-0 

195,66 

40. 0 

40.0 

199. 71 

43 - 0 

40. 0 

192.20 

42. 0 

41. 0 

156. 86 

46. 0 

39.0 


All rations in which com was not supplemented by both protein and 
ash were either consumed in insufficient amounts or failed to produce 
growth when consumed in large amounts. If a ration is partially defi¬ 
cient, yet adequate for restricted growth, it produces a pig of abnormally 
high fat content. If the ration is so deficient that growth is very much 
stunted the moisture content is abnormally high. When pigs grew above 
200 pounds there was a regular and constant increase in percentage of fat. 


ASH CONTKNT 

The figures for ash percentages on the basis of empty weight are plotted 
in figure 3. In pigs weighing less than 80 pounds the variation is very 
irregular. The two pigs fed on alfalfa pasture and the one fed com and 
protein-free skim milk" had the highest percentage of ash. Among the 
pigs which weighed over 80 pounds and less than 210 pounds those fed 
com and com germ, com and casein every' seventh day, and com and 
milk albumin in small amounts had the lowe'st percentage of, ash. ' WTiile 
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Fig. a,“-Graph showing the relation between percentage of ash and empty weight. 
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the com germ supplied 6.97 pounds of ash in addition to that present in 
the conij yet this ash contained only 0.03 pound calciunij an inadequate 
amount. The casein furnished only 0,36 pound ash and the milk 
albumin 0.71 pound. These amounts were inadequate for the needs 
of the growing pig. All the pigs which attained a growth of 210 
pounds or more had an abundance of ash in the ration. 

Proportionately there is a smaller change in the ash percentage than 
in the percentage of moisture and fat. 

ASH PHRCHNTAGHS ON THG^ BASIS OP EMPTY WEIGHT, LESS PAT 

The gradual decrease in ash percentages as the pigs increase in size is 
almost wholly due to the large increase in percentage of fat. In Table 
V the percentage of ash is calculated on the basis of empty weight less 
fat, or the relation of ash to the amount of body substance less fat. 
These results are plotted in figure 4. The general direction of this curve 
shows that the ash percentage tends to remain constant in the tissues of 
the body not fat. 

PROTEIN CONTENT 

The figures for percentages of protein given in Table III are plotted in 
figure 5. With a few exceptions, the protein curve has the same general 
direction as the moisture curve. As pigs increase in size the percentage 
of protein decreases. This is due to the relatively large increase of fat. 
The figures for the percentages of protein on the basis of empty weight 
lessiat are given in Table V, and the curve is given in figure 6. The gem 
eral direction of tliis curve is practically straight. In this respect it is 
similar to the curve for ash on the basis of empty weight less fat. 

CONCLUSIONS 

The data presented permit the following conclusions: 

I. Pigs fed rations decidedly deficient in ash or protein had a very 
restricted growth. The composition of their bodies was characterized 
by wide variations among the different animals, generally a low fat and 
a high moisture content. 

' 2. Pigs fed a partially deficient ration, but one which was sufficient 
to produce a restricted growth, had a high fat content. 

3. In pigs fed a ration that was balanced in respect to the protein 
and ash requirements, the moisture and fat content were nearly equal, 
with a tendency for the fat percentage to be a little lower than the 
moisture percentage. In pigs whose ration was partially restricted, the 
fat' content was higher than the moisture content. This statement ap¬ 
plies only to pigs weighing less than 225 pounds. ' 



Tabi^]$ V .—Percentage of ask and protein in pigsy calculated on the basis of empty 7 veight less fat 
[Arranged in order of increasing empty weight less fat| 
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4.--Orapli slxomug the rdatioa between percentage of ash, calculated on basis of empty weight less 
fat, and empty weight. 
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ifXG. 6 .—Graph showiag the relation between paroeatage of protein, calculated on basis of empty weight 

lessfat, and empty weight. 


June t, igax 


Effect of Ration on the Development of Pigs 


297 


4. Ill a pig fed a ration sufficient to produce a large and rapid growthj 
producing a body weight above 225 pounds, the fat percentage increases 
as the weight increases, and the moisture percentage decreases* The 
prolonged feeding of a deficient ration produces the same result—^namely, 
a pig with a high percentage of fat and a low percentage of moisture^ 
provided the pig attains large size. 

5. The percentage of protein appears to decrease as the pigs increase 
in size. This is due to the large increase in percentage of fat. If the 
percentage of protein is calculated on the basis of body weight less fat, 
the percentage does not show any tendency to decrease as pigs increase 
in size. 

6. The percentage of ash appears to decrease with the increasing body 
weight. This is due to the large proportionate increase in fat. If the 
ash percentage is calculated on body weight less fat, the larger pigs have 
as high an ash content in the tissues not fat as the lighter pigs. 

7. The general character of the ration affects the composition of the 
body as follows: A large amount of protein or ash will not produce a pig 
with a high protein or ash content. Such a ration will produce a rapid 
growth, and the pig will have the same composition as a pig of the same 
size fed a ration restricted in protein or ash but whose growth took place 
over a longer period of time. The best illustrations of this fact are the 
two continuation hogs, one fed corn and ash and the other corn and 
protein-free skim milk, in comparison with the hogs in experiment II, in 
which one was fed com and black blood albumen and the other the same 
ration plus ash. 

8. A large amount of ash in the ration will not materially influence 
the percentage of ash in the body. The ash percentage in pigs fed rations 
sufficient for growth tends to remain fairly constant, if the percentage 
is calculated on the basis of body weight less fat. 

9. There is a closer relation between a pig’s size and its composition 
than between the character of the ration and the pig’s composition. If 
growtli has not been too much restricted, the composition of a slaughtered 
pig of a given weight may be used to calculate the pounds of chemical 
constituents in another pig not slaughtered. However, this must be 
done with judgment based upon knowledge regarding the history and 
condition of the pigs. 

ir. CHARACTER OF RATION IN ITS EFFECT ON THE PEVBLOFMENT 
OF EUNOS, HEART, EIVER, AND KIDNEYS 

That the character of the ration in respect to its nutritive properties 
has the same relative effect on the development of tlie internal organs as 
on the development of the body as a whole is borne out by evidence fur¬ 
nished by a number of investigators. Emmett (2) and associates fed' 
three lots of pigs on low, medium, and high protein rations. The amounts 
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of digestible protein per day per 100 pounds live weight for the three 
lots were, respectively, 0.32 pound, 0,70 pound, and 0.94 pound. 

The weights of the kidneys of the pigs of the low protein lot were about 50 per cent 
lower than those of the pigs of the medium and high protein lots. The data for the 
other urinaiy organs and for the organs of the central nervous system did not show 
any lot differences that seemed significant. . . . The weights of the heart, liver, 
spleen, pancreas, gall bladder, and lungs of the pigs from the three lots varied more 
or less directly wdth tire live %veight of the animals. 

Carroll and Emmett (i) report investigations on 21 lambs, divided into 
three lots, fed on (i) low, (2) medium, and (3) high protein planes. 

Slaughter tests showed that with the exception of the kidneys, the feed lias little 
or no effect on the development of the brain, kidneys, liver, and heart. The kidneys 
seemed to increase directly with the protein feed. Individuality seems to be a very 
great factor, in fact, greater than the feed. 

Forbes {3) notes that with pigs fed com alone the liver, kidneys, 
lungs, and heart all compose an abnormally small proportion of the 
increase and the fat composes an abnormally large proportion of the 
increase. Sanborn (8^ 9, 10) concludes from his investigations that the 
corn-fed hogs had a less abundant coat of hair, smaller spleen, liver, and 
kidneys, and smaller bones. Henry (6) found that the corn-fed hogs 
had an abnormally small amount of hair and a thin skin. The spleen, 
liver, and kidneys were unusually small, while the brain, heart, and 
lungs were not affected. 

The slaughter tests made on the pigs fed the various rations, the 
results of which are recorded in Table VI, furnished abundant material 
for the study of the effect of these rations on the development of the 
internal organs—^heart, lungs, liver, and kidneys. At the time .of 
slaughter, these organs were weighed as soon as removed from the body 
on a scale accurate to o.oi pound. The accuracy of the weights depends, 
of course, on the uniformity in separating these organs from their sup¬ 
porting tissues at relatively the same place. This involves considerable 
error, as is well known to all who are familiar with this class of work. 
Just how large this error is can not be determined. If a large number of 
tests were made on similar pigs, these variations would be eliminated 
in the average. 

The figures as obtained are given in Table VI, and they are an-anged 
in order of increasing w^eights. A study of these figures will show that, 
on the whole, these organs increase in weight as the body increases in 
weight, but not in the same proportion. The smaller pigs have relatively 
larger organs. This is due to the increase in fat in the larger pigs. The 
increase in fat takes place' faster than the increase in any other con¬ 
stituent or parts of the body. But even allowing for this, the larger pigs 
do not uniformly have larger organs than smaller pigs. Thus, variations 
can not be correlated with the different rations fed and must be du^ to 
'the individuality, of the animals. Prom the results of the analysis of the 
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pig the pounds of protein were calculated. These weights of protein^ 
arranged in the order of increasing weights, are found in Table VII. 
This same table gives also the ratio between the weight of protein and 
the weight of the internal organs. 

Table VI .—Relation of the ^weight of lungs, heart, liver, and kidneys to the empty weight 


Experi¬ 

ment 

No. 

Ration. 

Empty 

weight. 

Eungs. 

Hea-rt. 

Eiver. 

Kidneys. 

III.. 

Com and protein-free skim milk. 

Pounds. 
28. 06 

Pounds. 
I. 68 

Pounds. 

0. 25 

Pounds. 

0. 88 

Pounds. 
0. IS 

VI. 

Com alone. 

28. 60 

I. 04 
.82 

. t6 

1.04 

.84 

.74 
1,12 

I. 54 

•56 

i.6r 
1.20 

» T2 

VI. 

Com and ash. 

34-37 
45. 62 

51 - 25 

62. 71 

63. 28 
6^. 60 

7I 18 

. iS 

- TO 

in. 

IV . 

V . 

Ill. 

Ill. 

VI . 

Alfalfa pasture. 

Com alone. 

Alfalfa pasture. 

Com and ash-free blood protein. 

.68 

.82 

.92 

•S 3 

.98 

•94 

, 16 
. 22 

.24 

*17 

,23 

.24 

-13 

. 24 
.24 

. II 

.30 

.28 

IV. 

IV. 

Com and ash. 

Com alone... 

86, 40 
103. 25 
122. 80 
127. 45 

I- S 9 

2. 06 

• 26 
. 36 

I-SS 
1.56 

2. 14 
2,36 

.17 
. 20 

II. 

IV. 

Corn and ash. 

Com and protein-free skim milk. 

I. 36 

I. 38 

•36 

.24 
, 22 

V. 

Com and casein every seventh 

139. 84 

I. 08 

.46 

2,64 

.30 

V . 

II. 

VI .^ 

day. 

Corn and com germ. 

Com alone . 

Cora, ash-free blood protein, 

140. 44- 

141. 49 

1 156. 86 

1.04 

I. 36 

.96 

.42 

•50 

,32 

2. 78 
2J06 
2,60 

•34 

.32 

. .46 

VI. ..... 

and ash. 

Com, starch, casein, and ash. .. 

^ 59 - 35 

I. 42 

: .40 

2.56 

.38 

IV . 

Com and albumin (small 

180. 99 

1-35 

• 49 

2. 17 

.29 

VI . 

amounts). 

Com, casein reducing, and ash. . 

192. 20 

1.22 

.36 

3-04 

.46 

VI . 

Com, casein i to and ash. .. 

195. 66 i 

1.34 

• 44 - ! 

3.36 

.50 

VI . 

IV. . 

Com, casein i to 3, and ash . 

Com and milk protein every 

199. 71 
209. 95 

1.65 
1.44 

.38 

.91 

3.04 
1.90 

.69 
1.06 

V. 

seventh day. 

Coni and casein i to 3.. 

211. 22 

I. 32 i 

1.62 

.66 : 

2.98 

3.02 

.53 

.44 

V. 

Cora and albumin (large 

245. 15 

.72 

IV. 

Ill. 

amounts). 

Cora and casein i to 3. i 

Cora and milk protein i to 3 ... 

282. 58 
318. 93 

2. 82 ; 
2. 89 

.72 

. 63 

4.81 

•50 

•95 

in-v... 

Com and synthetic ash. 

364. 52 

I. 90 

I. 00 

5 -40 

-SO 

ni-v.. 

Com and protein-free skim milk. 

366. 42 

2.08 

,96 i 

4.86 

-58 

11. 

Com and black-blood albumen, 

378. 20 

2, 62 

,88 

4 - 34 

. 62 

n.. 

Com, black-blood albumen, and 

389. 26 

2- SS 

.98 

4.00 

.85 


ash. 



A study of Table VII shows that: 

1. In general the weights of these internal organs increase with the 
increase in weight of protein. 

2, The variations are irregular and do not seem to have any specific 
relation to the character of the ration. The variation from the normal 
must be due to the individuality of the animal. 

A ration which contains the nutrients for the normal development 
of the pig will develop the internal organs in the same ratio. 
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Table YU,—Relation of the weight of the lungs, heart, liver, and kidneys to the weight 

of protein 


Experi¬ 

ment 

No. 

Ration. 

Protein. 

Lungs to 
protein, 
I to 

Heart to 
protein, 

I to 

Liver to 
protein, 

I to 

Kidneys 

protein, 

I to 

VI. 

Com alone. 

Pounds. 

4.09 

3-93 

23-56 

3-93 

34.08 

VI. 

Com and ash. 

4-15 

S.06 

23.07 

4.94 

41.50 

in..... . 

Corn and protein-free skim milk. 

4.27 

2.54 

17. oS 

4-95 

28.48 

Ill . 

Corn and ash. 

5-3:4 

7-56 

32.13 

6.94 

39-53 

V. 

Com alone. 

7.20 

7.85 

30.02 

4.68 

30.02 

HI. 

.do..... 

7.22 

13-65 

42.45 

12.92 

65-63 

VI. 

Com and ash-free blood protein. 

10.19 

10.80 

42.49 

8.49 

10.19 

IV. 

Com and ash... 

10-35 

6.51 

39-85 

6-55 

60.86 

Ill. 

Alfalfa pasture. 

10.44 

10.65 

45. 4 ^ 

6.48 

34-77 

IV. 

Com alone. .. 

11.34 

5 -SO 

31.53 

7.27 

56.70 

IV. 

Alfalfa pasture. 

11.64 

14.20 

52.96 

10.39 

48-53 

IV. 

Com and protein-free skim milk. 

12,11 

8.77 

33-67 

5 -h 3 

55-10 

II. 

Com and ash. 

12.67 

<5. ^2 

39-66 

S.92 

52-83 

II. 

Com alone. 

12.81 

8.21 

25.62 

6.22 

40. xo 

V. 

Com and casein every seventh 

14.61 

13-53 

3X.7O 

5-53 

48.70 

V. 

day. 

Com and com germ . 

16.90 

16.25 

40.22 

6.08 

49.69 

VI . 

Com, starch, casein, and ash .... 

19.45 

13.70 

48.63 

7.60 

S 3 C- 2 :S 

IV . 

Com and milk albumin (small 

19.50 

14.44 

39-78 

8.99 

1 67.28 

VI. 

amounts). 

Com, ash-free blood protein, 

20.43 

21.25 

63-95 

7.86 

44-33 

IV . 

and ash. 

Com and milk protein every 

22.59 , 

14.30 

24.85 

11.89 

21.31 

VI. . .... 

seventh day. 

Com, casein i to and ash. ,. 

23-54 

W-S 7 

53-44 

7.01 

47*08 

VI . 

Corn, casein reducing, and ash. . 

23.64 

19-38 

65.72 

7.7S : 

51.30 

VI. 

Com, casein i to 3, and ash.! 

25-33 

:^ 5-35 

66.62 

S.33 : 

3 * 5-73 

IV. i 

Com and casein i to 3. 

26.63 

6.97 

37.02 

7.28 j 

53.26 

v.,.,...' 

.do. 

26.73 

17.59 

40.63 

8.97 : 

45.98 

V . 

Com and albumin (large 

27.78 

17.15 

38.61 

9.20 

63.06 

III-V. .. 

amounts). 

Com and swithetic ash . 

3 c >-34 

15.97 

30.34 

5.61 ' 

60.68 

II. 

Com , black-blood albumen , and 
ash. 

Com and milk protein i to 3 _ 

31.89 

12.51 

32.53 

7-97 

37-63 

Ill. 

33-08 

II .45 

52.60 

6.88 

34.82 

II . 

Corn and black-blood albumen. . 

33-59 

12.82 

3S-29 

7. 74 

33-59 

ni-v... 

Com and protein-free skim milk . ; 

36.10 

W -39 

37.61 

7.44 

62.20 


I,tnsrG WEIGHTS IN REEATION TO EMPTY WEIGHT AND WEIGHT OF PROTEIN 

The figures for the weight of lungs in relation to empty weight are 
plotted in figure 7, and those in relation to weight of protein in figure 8. 
The empty weights and the weights of protein are used as the abscissas 
and the weights of the organs as ordinates. The weights of protein were 
approximately one-tenth of the empty weight, and to make the curves 
more comparable the protein figures were multiplied by 10. As pigs 
increase in size or' in amount of protein, the lungs increase irrespective of 
the nature of the ration. 
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'Big, 7.-~Graph. showing the relation between weiglit of iimgs and empty weight 
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fiG, a-»Grapli siiowmg the relation between weigM of Ixmgs and weight of body protein* 
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HEART WEIGHTS IN REEATION TO EMPTY WEIGHT AND TO WEIGHT OF 

PROTEIN 

The figures for the weight of the heart in relation to empt}^ weight are 
plotted in figure 9, and in relation to protein weights in figure 10. The 
figures for empt}^ weight and protein weight are used as abscissas, and 
the weights of heart, expressed in tenths of a pound, are used as ordinates. 
The weight of the heart increases as the size of the body or as the amount 
of protein increases even more regularly than the weight of lungs. 

WEIGHT OF the liver IN RELATION TO EMPTY WEIGHT AND WEIGHT OF 

PROTEIN 

The curve for the weights of the liver in relation to empty weight is 
plotted in figure ii, and in relation to protein w^eiglits in figure 12. The 
weights of the liver seem to vary in proportion to the empty weight or the 
weight of the protein more than any of the other organs studied. 

KIDNEY WEIGHT IN RELATION TO EMPTY WEIGHT AND WEIGHT OF PROTEIN 

The relation between the weight of the kidneys and the empty weight, 
and also between the kidney weight and the weight of protein, is graphi¬ 
cally presented in figures 13 and 14. The kidneys become larger as the 
pigs increase in size,, and this increase in size is ver}^ irregular. There 
seems to be no correspondence between the character of ration and the 
size of kidney. The largest kidneys weighed 1.06 pounds and were 
found in the pig fed com and milk protein every seventh day. The kid¬ 
neys in the pig in the same experiment fed seven times this amount of 
protein weighed 0.95 pound. 


CONCLUSIONS 

1. The specific character of the ration has, in general, the same effect 
on the development of the internal organs as on the development of the 
body as a whole. 

2. A ration that will produce a large development of the body as a 
whole will also produce large development of the internal organs. 

3. The relative smallness of the internal organs in some pigs of 
restricted growth is due to the overdevelopment of fat. 

4. In general, the development of internal organs is also in proportion 
to the increase of protein. A ration that will produce a large axiio|m.t of 
protein will produce large internal organs. 
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Fig. 9,~*GrapIi sti'owiiig: the relation between weight of heart and empty weight. 
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i^G. ii,‘--Grapli showing the relation between weight of liver and empty weight 
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I^G. i2.-™Giapla siiOwiM tlie rdation between weight of liver and weight of body proteiiL 








'3Pio. 13.—Graph showing the relation between weight of kidney and empty weight 
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III. RELATION BETWEEN THE AMOUNT OF CHEMICAL CONSTITU¬ 
ENTS CONSUMED DURING THE FEEDING TRIALS AND THE 

AMOUNT STORED 

THE PROBLEM 

A pig's value for meat production depends upon the amount of ma¬ 
terial stored in the body in relation to the amount of feed consumed. 
The problem may be stated as follows: A pig consumes during a feeding 
trial a certain amount of ash, fat, and protein. The problem is to 
calculate the relation between these two sets of quantities and state 
the results in common units, which are in this case pounds. The com¬ 
position of each pig at the beginning of a given trial was assumed to be 
the same as that of a control pig slaughtered when the trial started. 
The amount of ash, protein, and fat in each pig at the beginning of the 
trial was calculated by multiplying the figures for the composition of 
the control pig into the weights of the different pigs used in the trial. 
At the end of each trial the most representative pig in a lot was slaugh¬ 
tered. On the basis of the chemical composition and the weight of the 
emptied body, the pounds of ash, protein, and fat in each slaughtered 
pig were calculated. The differences between the pounds of protein, 
ash, and fat present in each pig at the beginning of the trial and the 
amounts at the end of the trial represent the amount stored. 

The amount and composition of each feed consumed by the pigs 
during the entire trial were carefully determined. From the figures on 
total amounts consumed and chemical composition, a calculation was 
made of the pounds of ash, protein, carbohydrates, and fat consumed 
by each pig during the trial. 

The detailed figures on the amount of the different chemical con¬ 
stituents from the several feeds consumed by the different pigs during 
the feeding trials are given in Table I. Table III gives the figures for 
composition and empty weights of the control pigs and the represen¬ 
tative pig slaughtered at the end of each trial. 

PROTEIN STORED IN RELATION TO PROTEIN CONSUMED 

Protein stored in the body can come only from the digestible protein 
in the feed. Not all the protein digested from the feed can be stored; 
a part must be used for maintenance. The digestible protein in the 
feed must be equal to the amount of protein needed for maintenance 
and the amount that is stored, plus such amounts as are in forms which 
can not be used for these two purposes. The amount of protein that 
can be used for' storage and maintenance is limited. If more is fed 
than is needed for these two purposes it may be used for the production 
of heat and energy, or fat. A protein is made up of a number of amino 
acids. ' These acids must be present in the feed in the proportion* re- 
-quired' by, the needs of the body. The amount of protein that can be 
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stored in the body and the amount that can be used for maiiitenance 
are measured by the minimal amount of any amino acid absolutely 
required, A protein that has a small proportion of any amino acid 
absolutely needed is less efficient than one in which the different amino 
acids are so balanced that they meet the requirements of tiie body. 
A protein that has a small amount of any amino acid absolutely needed 
is efficiently supplemented by another protein which has a relatively 
large proportion of this particular amino acid. 

FIVE PIGS THAT WERE STARVED 

The experiments reported herewith extended over a period of five 
years. The same feed gave different results in different years. The 
individuality of pigs played a part. There were five pigs in these different 
trials which either lost weight or made such small gains that they were 
evidently starving. Two pigs, one fed com and ash and the other fed 
com and protein-free skim milk in .experiment III, lost protein from the 
body. Three pigs, one fed com and ash and one fed com alone (experi¬ 
ment VI), and also one pig fed corn alone (experiment III), stored very 
small amounts of protein in proportion to the amount fed. These last 
three stored only i pound of protein for 24 pounds consumed. This 
is an abnormally wide ratio. These five pigs wiU be eliminated in the 
further discussion. 

PROTEIN STORED FROM CORN FED ALONE OR WITH ASH 

Zein is the protein in com which occurs in larger amounts than any 
other. This protein is deficient in that it lacks the two amino acids, 
lysin and tryptophane, both necessary for growth and development. 

Table VIII .—Relation of protein stored to protein consumed 


Experi- 
laent No. 

Ration. 

Protein 

stored. 

Protein consumed. 

Ratio.' 

From 

com. 

From sup¬ 
plement. 

V. 

Com aloTM*..... 

Pounds. 

3- 76 
4.58 

4.86 
S'36 
5- 70 
6.30 
24.63 1 

29.75 

Pounds. 
27. 25 
31. 72 

41. 87 

37 - W 
36.07 

42. 58 
203. 73 

190. 75 

Pounds, 

1:7.25 
1:6. 92 
1:8.63 
1:7.54 
1:6.32 
1:6. 77 
1:8.30 

1:6.95 

IV......:: 

Com and ash... 


IV. 

Com alone....... 


IV. 

II . 

Com and protein-free skim milk.: 

Com and. ash.^ 

3. 24 

II. 

III-V ... 

ni-v.... 

Com alone.*... 


Com and (continuation hog)... 

Com and protein-free skim milk (con¬ 
tinuation hog). 

16.03 


There were three pigs fed on com alone, three fed com supplemented 
with ash, and two fed com supplemented with protein-free skim milk. 
This substance contained a small amount of nitrogenouscompo nnds 
42369®-“21 - 3 , , ' ' 
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and most of the ash from the milk. The quantity obtained from 3 
pounds of milk was fed for each ■ pound of com. These two pigs 
were continued on these rations until they were nearly 3 years old. 
Figures on the feed and growth of the eight pigs, showing the ratio’ of the 
protein stored to the protein consumed, are given in Table VIII. 

The average ratio of the protein stored to the protein consumed for all 
‘these pigs is i to 7.5. As corn was practically the sole source of protein 
for all these pigs it means that when they are fed corn alone pigs will store 
I pound of protein for about 7.5 pounds consumed. This is a -wide ratio. 
It is not so much that the protein in com occurs in too small a proportion 
but that a large part of this protein is deficient in lysin and tryptophane. 
These occur in too small proportions in relation to the amount of other 
substances ‘which can be used only for the production of fat. 

The fact that the two pigs fed until nearly 3 years old on a deficient 
ration stored protein in the same ratio as the younger pigs should be 
noted. The fact that these pigs did not grow for over a year at the 
b€.ginning of the trial means that there was a period in the life of these 
two pigs when the storage of protein in relation to the amount consumed 
was much less than the average ratio for the whole life period; and ac¬ 
cordingly there must have been a time when the storage of protein took 
place in a much narrower ratio. ■ The development of these two pigs will 
be studied in a subsequent section of this paper. 

PROTEIN STORED FROM CORN SUPPLEMENTED WITH A SMALL AMOUNT 
OP PROTEIN FROM MILK 

The two proteins in milk, casein and albumin, contain the two amino 
acids, lysin and tryptophane, both missing in ■ zein. As milk is the 
natural food for young mammals, it is expected that the proteins in milk 
should contain the materials needed for gro-wth. How much protein is 
needed from milk in order to supplement the protein in com? Table 
IX, gives the figures on the feed and growth of three pigs fed small 
amounts of supplementary milk protein and shows the ratios of protein 
stored to protein consumed. 


Table IX, — Relation of protein stored to protein consumed 


Escperi- 
meut No. 

Ration. 

Protein 

stored. 

Protein consumed. 

Ratio. 

From 
' com. 

If 



i Potinds, 

1 Pounds. 

j Pounds. 


IV.. 

Com and milk albumin.. 

14. 14 

59. 00 

; 6. 71 

1:4*65 

IV. 

Com and milk protein every seventh 


day.. 

15.71 

66.60 

8.00 

1:4.75 

V.. 

, Com and casein every seventh day,.. 

10.26 

i 

55- 3:6 

5. 61 

3 :‘ 5-93 

*1 
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The milk albumin obtained from 3 pounds of milk m^-as fed for each 
pound of corn. The seventh day means that corn was fed alone for six 
days and on the seventh day the total protein from 3 pounds of milk 
or the casein equivalent was fed for each pound of com. These smal 
amounts of supplementary protein, from one-eighth to one-tenth of the 
total protein furnished, resulted in a ratio of protein storage of i to 5,11, 
as compared with i to 7,5 when corn was fed alone. 

PROTEIN STORIED WHEN CORN WAS SUPPLEMENTED WITH MEDIUM 
AMOUNT OP PROTEIN FROM MILK 

There were two pigs fed proteins from milk in medium amounts. One 
was fed the casein from 1,5 pounds of milk for each pound of com. 
This ration is designated com and casein i to 1.5. The other pig was 
fed casein in such amounts that the nutritive ratio which at first was i to 
3 was'gradually widened until it was i to 8. The amount of protein 
from milk supplied to the pig fed com and casein i to 1.5, was nearly 
two-sevenths of the total, and the other pig received nearly one-third 
of his protein from milk. These two pigs stored protein in a ratio half 
as wide as those pigs fed com alone. This proportion of protein from 
milk was more efficient than greater or smaller amounts. Figures on 
the feed and growtli of these two pigs showing the ratio of the protein 
stored to the protein consumed are shown in Table X. 


TABiyE X.— 'Relation of protein stored to protein consumed 


Experi¬ 
ment No. 


Protein 

stored. 

Protein consumed- ! 


Ration. 

From 

com. 

From 

milk. 

Ratio. 

VI. 

Com and casein, i: 1.5. 

Pounds. 

,21.47 i 

21.45 

Pounds. 

SI-03 
S3-07 

Pounds. 
20,81 

1:3.70 

VI. 

Com and casein decreeing. 

35- 84 


PROTEIN STORED WHEN CORN WAS SUPPLEMENTED WITH A LARGE AMOUNT 
OF PROTEIN FROM MILK 

There were five pigs fed protein from milk in large amounts. 'The 
term milk protein here means both the^ casein and the albumin in the 
proportion in' which they occur in milk. The milk protein or the casein 
from 3 pounds of milk was fed for each pound of com. The milk albu¬ 
min was fed in such amounts as to give practically the same amount of 
protein as the casein from 3 pounds of milk for each pound of corn. In 
experiment VI, the casein was fed so as to make a nutritive ratio of 
I tq 3,3 The figures giving the ratio of protein stored to protein con¬ 
sumed for these five pigs are given in Table XI. 
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Table XI .—Relation of protein stored to protein consumed 


I 

i 

! 

Experi- ! 
ment Xo. | 

i 

1 

Ilatioa. 

Protein 

stored. 

Protein consttmcd. 1 

Ratio. 

PVom 

corn. 

From 

milk. 

III. ^ 

Com and milk protein. 

Pounds. 
27- 33 
20.18 

21. 84 

24.30 

22. 90 

Pounds. 
90. S4 
84. 65 

65.72 
77.04 
47-3S 

Pounds., 

89-39 

66. 65 i 
So. 72 

46- 32 

80.70 

, 

1:6. 58 
1:7. 49 
1:5- 33 
1:5.08 
59 

! 

IV .' 

Com and casein . 

V .■ 

.do . 

V . 

Com and milk albumiii . . . 

VI. ...... 

Com and casein . 




The protein from milk varied from a little less than one-half to almost 
two-thirds of the total protein consumed. The amount of protein stored 
was from about one-half to about one-fourth of the protein supplied by 
the milk. This is in sharp contrast to the results where minimum or 
medium amounts of milk protein were fed. t^Tien milk protein was fed 
in minimum amounts the pounds of protein stored were about twice the 
pounds of protein supplied in the milk. ' When milk protein was fed in 
medium amounts the pounds of protein stored were nearly the same as the 
pounds' of milk protein supplied. ^ When milk protein was fed in large 
amounts, the amount of protein stored was from less than one-third to 
about one-half what was supplied in the milk. That is, from 3 pounds 
of milk protein supplied, in addition to what the com furnished, less than 
I pound was stored. The average ratio of protein storage when large 
amounts were fed was i to 6, as compared with i to 3.5 when medium 
amounts of milk protein were fed or i to 7.5 when com was fed alone. 

PROTEIN STORED WHEN CORN WAS SUPPLEMENTED WITH PROTEIN 
IN LARGE AMOUNTS FROM VARIOUS SOURCES 

The proteins from other sources than milk were black blood albumen, corn 
gemi, and ash-free blood protein (p. 280-281).These rations were made 
up as follows: Black blood albumen constituted a little over 11 per cent 
of the ration having a nutritive ratio of i to 5.10; com gemi was about 
one-third of the ration having a nutritive ratio of i to 8; ash-free blood 
protein was fed in such amounts as to make a nutritive ration of i to 3; 
starch and casein were added in such amounts as to make a nutritive ratio 
the same as for com, or i to 8.76." Figures on the feed and growth of six 
pigs fed OB nom supplemented with protein from' these sources as indi¬ 
cated, showing the ratio of protein' stored to protein consumed, are as 
given in Table XII. 

The wide, nutritive ratios with com and com ,germ, or eorn/ starch, 
casein, and ash, resulted in the most economical storage of protein, • This 
is in harmony with results presentedTn the,preceding paragraphs, 
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Table XII .-—Relation of protein stored to protein consumed 





Protein consumed. 


Experi¬ 
ment No. 

Ration. 

Protein 

stored. 

From 

com. 

' From 
supple¬ 
ment. 

Ratio. 

11. 

Com and black blood albumen. 

Pounds, 
26. 28 

Pounds. 

los- 97 

118.20 

Pounds. 

129. 21 
142. 25 

I : 8.95 
I : 10. 73 

II.: 

Corn and black blood albumen and ash 

24.27 

V. i 

Com and com germ. 

13- 36 
7 - IS 

18. 24 

21 . 07 

21. 47 
23. 61 
41. 66 

I : 3 * 93 
I : 6.40 
I : 4^ 43 

VI.' 

VI. 

Com and ash-free blood protein. 

Com, ash-free blood protein, and ash. 

22. 27 
39. 29 

VI. 

Com, starch, casein, and ash... 

16.8s 

24. 84 

22. 61 

I 12.85 


When corn was fed alone, the protein was stored in a ratio of i to 7.5; 
with com germ this ratio was nearly halved, showing the superiority of 
die protein in the germ over the proteins in the kerne! as a whole. The 
ration com, starch, casein, and ash resulted in a larger proportion of 
protein storage in relation to the amount fed than any other ration in 
this entire series of experiments. It was a wide ratio, but nearly half of 
the protein came from milk. 

The pigs fed the black blood albumen and the ash-free blood protein 
were fed protein in too large amounts, hence the wide ratio. 

GRAPHIC PRESENTATION OF THE RELATION BETWEEN THE AMOUNT OF 

protein consumed and The amount of protein stored 

The quantitative relations between the amount of protein stored and 
the amounts of protein consumed are given in figure 15. The bars are 
arranged according to the increase in protein storage. These bars, rep¬ 
resenting tlie amount of protein stored, present a gradually rising curve. 
This is in contrast to the very irregular heights of the bars representing 
the amounts of protein consumed. This simply means that the power 
of the pig to store protein is limited. ■ If protein is fed in small amounts 
and the protein is of the right kind, as milk protein fed in small amounts, 
then the ratio between the amount of .protein consumed, and the amount 
of protein stored will be narrow. When protein is fed in large amounts, 
the amount stored will not be increased in proportion no 'matter what 
the character of the protein, but it will be stored in a wide ratio.^ The 
excess of protein fed will be used for the production of fat or energy. 
When supplementary proteins were fed in too'small amounts, the ratio 
of protein storage w^as wider than'when these amounts were approxi¬ 
mately one-third of the total protein,' 


i The idea here presented should not be confused with rate of gfrowth. 
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RBI.ATION BETWEEN PROTEIN CONSUMED AND THE SUM OP ASH, PROTEIN, 

AND EAT STORED 

Tlie pig is not an economical machine for the storage of protein. In 
the preceding pages it has been shown that the most narrow ratio in 
protein storage was i to 2.85. That is, i pound of protein was stored 
for nearly 3 pounds consumed. This pig stored 16.85 pounds of protein, 
though the ration contained 21.85 pounds of protein from casein and 
24.84 pounds from corn. Protein from milk when fed in medium amounts 
was the most efficient. When other protein from animal sources was 
used, the ratio was under. The pig which was fed 142 pounds of protein 
from black blood albumen and 118 pounds from corn stored only 24.27 
pounds of protein, or less than i pound for more than 10 pounds con- 
sumed. The other principal constituent which the pig stores is fat. 
While protein can come only from the protein of the feed, the fat can 
come from the carbohydrates and the fat in the feed and also from the 
protein. The ash or mineral matter can come only from the ash of the 
feed. 

The problem in this case is to compare the sum of ash, protein, and 
fat stored by each pig during the experiment with the amount of protein 
consumed. To what extent does the supplementary protein added to 
the corn stimulate the storage of these three constituents ? 

The five pigs noted above, two of which lost weight and the other of 
which gained only small amounts, will not be included in the compar- 
isons which follow. 

SUM OE CONSTITUENTS STORED EROM CORN EED AEONE OR WITH ASH 

When pigs were fed com alone they stored on the average i pound of 
protein for 7.5 pounds consumed. The digestible portion of tlie other 
6.5 pounds of protein, togetlier with the digestible fat and carbohydrates 
in the ration, were used for the production of energy and for the storage 
of fat. The amount of total constituents stored are presented in Table 
XIII, together with the figures on protein consumption. 


TABm XIII .-—Relation of ash plus protein plus fat stored to protein consumed 



1 

j 

Asb. plus 

! Protein consumed. 


Experi¬ 
ment No. 

Ration. 

1 

protein 
plus fat 
stored. 

Erom 

com. 

From 

supple¬ 

ment. 

Ratia 

II.. 

Com alone,..... .i 

58.46 

46.83 

44.09 

1 31.01 

60.70 

26-55 

231,08 

,225.67 

42.58 

36.07 

41.87 

31.72 

37.17 

27.25 

203.73 

190.7s' 


I. HII 

II. 

Com and ash.1 


1.3:1 

IV. 

Com alone.■. 


1. i:x 

IV. 

Com and ash..... 


1.0:1 

. 

V 

Com and protein-free skim milk. 

Com alone.... .. 

3.24 

1.5:1 
1* i:x 

III-V.... 

III-V..., 

Com and ash (continuation hog). 

Com and protein-free skim milk.. 

16.03 

i.i:i 
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The average from these ratios is a little less than i.i to i. That is^ 
for I pound of protein consumed the total of ash, fat, and body protein 
stored is about i.i pounds. The older continuation pigs were using the 
food as efficiently as the younger pigs. As these two pigs did not start 
to make satisfactory gains till they were nearly 2 years old, it means 
that during the third or last year of their life the ratio was narrower 
than for the younger pigs. 

SUM OF CONSTITUENTS STORED FROM CORN SUPPLEMENTED WITH A SMALL 

amount of protein from milk 

The addition to corn of a small amount of protein from milk increased 
the amount of total constituents stored in ralation to the total protein 
consumed. This is shown in the figures given in Table XIV. 


Table XIV .—Relation of ask plus protein plus fat stored to protein consumed 




Ash plus 
protein 
plus fat 
stored. 

Protein consumed. 


Experi¬ 
ment Na 

Ration. 

From 

corn. 

'From 

supple¬ 

ment. 

Ratio. 

IV. 

Com and milk protein every seventh 
day. 

119.6S 

66.60 

' 

8.00 

1.61:1 

IV.: 

Com and milk aibumin. 

100.21 

1 59-00 

5 S-i 6 

6.71 

5.61 

1.52:1 

1.25:1 

V. 

Com and casein ever>^ seventh day,.. 

75-70 


The average of these ratios is very nearly 1.46 to i, or 1.46 pounds of 
constituents stored for each pound of protein consumed, and shows the 
distinct advantage of adding this small amount of protein from milk. 


SUM OF CONSTITUENTS STORED FROM CORN SUPPLEMENTED WITH A 
MEDIUM AMOUNT OF PROTEIN FROM MILK 

Tiffien corn was supplemented with a medium amount of protein from 
milk amounting to a little less than one-third of 'the total protein fed, 
the ratio of constituents stored to protein consumed was 1,41 to i. 
There were only two pigs fed with this medium amount of protein. 
.(Table XV.) 


Table XV .—-Relation of ash plus protein plus fat stored to protein consumed 




Ash plus 

Protein consumed. 


; Experi- 
' mmt No. 

Ratioa, 

protein' 
plus fat 
stored. 

From 

com. 

From 

supple¬ 

ment. 

Ratio. 

VI....... 

M... 

Com and caaein reducing...___ 

Com and casein x.5:r...... 

109.oS 
,103:21 

51-03 

53-07 

20.81 

25.84 

I, .52:1 
1.31 : X 
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Increasing the proportion of protein from milk from about one-tenth 
of the total to a little less than one-third of the total did not increase 
the sum of constituents stored for each pound of protein consumed, 

SUM OF CONSXlT 0 :eNTS STOimB WHEN CORN WAS SUPPLEMENTED WITH 
LARGE amounts OF PROTEIN FROM MILK 

The amount of protein storage was increased by adding a' smalt 
amount of protein from milk, one-tenth of the total, to com. This was 
further increased by adding more protein, a little less than one-third of 
the total. But the effectiveness could not be further increased by adding 
more protein. When the total constituents were considered, the effec¬ 
tiveness was still more limited. When the supplementary protein was 
about one-tenth of the total, it was more effective than when com alone 
was used, but the effectiveness did not increase further. That the addi¬ 
tion of large amounts of protein from milk does not increase the effective¬ 
ness over medium amounts is shown in Table XVI. 


TABLn XVI .—Relation of ash plus protein plus fat stored to protein consumed 


Experi¬ 
ment No. 

Ration. 

Ash plus 

Protein consumed. 

Ratio. 

protein 
plus fat 
stored. 

From 

com. 

From 

supple¬ 

ment. 

Ill. 

Milk protein (casein and albumin) . . 
Casein 1:3. 

184. 3S 
149 - 97 
119.25 
138. 75 
106.68 

90 - 54 
84. 65 
65. 72 
77.04 
47-35 

89- 39 

66. 65 
50. 72 
46.32 

So. 70 

I. 02:1 
I. 00:1 
I. 03:1 
I. 13:1 
. 83:1 

IV.. 

V. 

.do... 

V. 

Milk albumin. 

vi.::... 

Casein 113. 




The average of these ratios is i to i, or less than that obtained when 
com was fed alone. When milk protein ivas about one-tenth of the total, 
the average was 1.46 to i. When milk protein was about one-third of 
the total, the average was 1.41 to i. Increasing the amount of supple¬ 
mentary protein beyond a certain amount will not enable the pig to 
store more constituents in proportion to the increase in protein added. 

amount of constituents stored from corn supplemented with 
large amounts of protein from various , sources 

That the total amount of constituents stored in proportion to the 
amount of protein consumed may be further decreased is shown by the 
figures given in Table XVIL 

The protein from black blood albumen constituted over one-half of 
the total, protein supplied, yet the total constituents stored when this 
large amount of protein was fed were less in proportion than with any 
other rations except the ash-free blood protein. The addition of ash 
to the black blood 'albumen did' 'not 'increase its efficiency, but when ash" 
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was added to the ash-free blood protein, the efficiency was greatly in¬ 
creased. The protein from com germ was as efficient in its effect on the 
storage of total nntrieiits as the seventh day feeding of casein. The 
com, starch, and casein ration was the most efficient of all the rations 
tried. About potmds of constituents were stored for each pound of 
protein consumed. It was shown above that this ration was also the 
most efficient in relation to protein storage. 


Tabi^E XVII .—Relation of ash phis protsin plus fat stored to protein consiimed 




Ash plus 
protein 
plus fat 
stored. 

Protein consumed. 


E:speri- 
ment No. 

Ration. 

From 

com. 

From 

supple¬ 

ment. 

Ratio. 

II . 

II. 

Com and black blood albumen. 

Com, black blood albumen, and ash.. 

229 - 59 
244.21 

105- 97 

II8. 20 

129. 21 
142.25 

0. 98:1 
. 94 :x 

V . . . . 

Com and com germ. 

65-71 

31-50 

82.8s 

31. 07 
22. 27 
39.29 

21 . 47 

23. 61 
41. 66 

I. 25:1 
. 69:1 
1.03:1 

VI.! 

VI. 

Com and ash-free blood protein. 

1 Cora, ash-free blood protein, and ash. 

VI. 1 

' Cora, starch, casein, and ash. 

78.25 

24. 84 

22* 61 

I. 66:1 


GRAPHIC presentation OP THE RELATION BETWEEN THE PROTEIN CON¬ 
SUMED AND THE TOTAE GAIN OF CHEMICAE CONSTITUENTS 

The relation between the protein consumed and the storage of ash, 
protein, and fat is shown graphically in figure i6. The bars are arranged 
in order of the increasing amounts of constituents stored. 

The efficiency of corn alone as a ration for growing pigs, as measured 
by the total constituents stored, can be greatly increased by the addition 
of a small amount of protein from milk. If the amount of protein from 
milk is increased above a certain amount, the efficiency of the ration as a 
whole is decreased. The increase in protein simply increased the rate of 
growth. This is true when the ratio is narrow. The proteins from blood 
were the least efficient although they furnished one-half of the total pro¬ 
tein. Proteins from milk were the most efficient when fed in a ratio made 
wide by the addition of s'tarch. The proteins from corn germ, as meas¬ 
ured by the total constituents stored, compare well with the proteins 
from other sources. 

INFEUENCE OF QUANTITY OF PROTEIN CONSUMED UPON QUANTITY OF 

FAT STORED 

In the preceding discussion it has been shown that the quantity and 
quality of protein consumed has a limited influence on the relative 
quantity ,of ,the total ash, protein,,,and^ fat stored. On the whole, the 
more protein that is consumed in the ration, the more constituents will 
be .Stored,* but a ration, that is,liberal in^ protein' will not store^ a pro- 
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portionately larger quantity of these constituents as compared with one 
that is relatively poor. When com was the exclusive source of food, 
the quantity of constituents stored was only i. i pounds for each pound 
of protein constimed. This was increased to 1.46 and 1.66 pounds when 
milk protein was used in a ration whose nutritive ratio was wide. But 
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Fig. iS.-HOrapliical fepreseatation showing the relation between pounds of protein consumed and total 
pounds of protein, ash. and fat stored. 


when large amounts of protein were used the total constituents stored 
were about i pound for each pound of protein consumed. 

The pig,stores fat in larger quantities than any,other constituent 
exc^t when of small size. In small pigs moisture is the largest con¬ 
stituent. In pigs of 200 pounds weight or over, fat is by far the largest 
constituent. 
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In Table XVIII are given the pounds of protein consumed, the pounds 
of fat stored, and the ratio of protein consumed to fat stored. 


TABra XYlll.—InJliience of protein consumption on fat storage 


Experi¬ 
ment No. 

Ration. 

Protein 

cousumed. 

Pat stored. 

Rati 0. 

Ill . 

Com and protein-free skim milk . 

9.27 

—6. 22 

boss. 

VI. ...... 

Com and ash.. 

12- 36 

I -35 

0. 10:1 

VI....... 

Com alone . 

12 , 99 

-.58 

’l 4 )SS. 

Ill . 

Com and ash . 

14.41 

-2. 86 

,Ix>ss. 

in . 

Com alone... 

22. 47 

55 

. 29:1 

V... 

.do. .. 

27.25 

22. 08 

.81:1 

IV. ...... 

Com and . 

31.72 

26. 05 

. 82 :i 

II . 

. do . 

36.07 

39-83 

1.10:1 

IV . 

Com and protein-free skim milk . 

40. 41 

53 - 9 ^ 

1.33:1 

IV . 

Com alone . 

41. 88 

38.90 

* 93 -^ 

II . 

. do . 

42, 58 

51. 02 

I. 20:1 

VI . 

Com and ash-free blood protein . 

45. 88 

23.48 

.51:1 

VI . 

Com, starch, casein, and ash . 

47 - 45 

5S. 29 

I. 23:1 

V.... . 

Com and com germ . ■ . 

52- 54 

S0.4S 

96:1 

V.... 

Com and casein every seventh day . 

60,77 

64. 02 

1.05:1 

IV. 

Com and albumin.... .'. 

65. 75 

84.86 

I. 29:1 

VI. 

Com, casein i:i 1/2, and ash . 

71. 84 

77-35 

1. 08:1 

IV. 

Com and milk protein every seventh day ,, 

74.60 

102.37 

1.37:1 

VI . 

Com, casein reducing, and ash . 

78.91 

83. 08 

T. 05:1 

VI . 

Com, ash-free blood protein, and ash . 

80.95 

60.96 


V.. 

Com and milk casein 1:3.. ... 

116. 44 

93 * 95 

. 80:1 

V.. 

Com and milk albumin. '. 

123. 36 

no. 18 

.89:1 

VI. 

Corn, casein 1:3, and ash .. 

128. 05 

.78.82 


Ill. 

Com and milk protein . 

W 9 * 93 

153 -30 

.85:1 

IV........ 

Com and casein 1:3. '. 

151. 30 

126,61 

. 84:1 

III-V.... 

Com and swithetic ash.■... 

203. 73 

201.34 

,99:1 

III-V. 

Com and protein-free skim milk. 

206. 78 

189. 69 

. 92:1 

II. 

Corn and black blood albumen. 

235.48 

199. 80 

,85:1 

II. 

Com, black blood albumen, and ash. 

260. 45 

215- 03 

.82:1 


When, the five pigs which either lost weight during the experiment or 
gained an abnormally small amount of weight are omitted, the results 
on the other 24 pigs show the following: Nine of the 24 stored more 
than I pound of fat for each pound of protein consumed. Among these 
9 the 4 which stored the largest amount of fat in proportion to the 
amount of protein consumed were the pigs fed as stated in Table XIX. 

TABI.1S XlX.—T/ze nutritive ratio and ratio of protein to fats stored 


Ration. 

Nutritive 

ratio. 

Ratio of 
protein con¬ 
sumed to 
fat stored. 

Com, starch, casein and ash ..... 

Com and milk protein every seventh day.^. 

Com and milk albumin . . . .‘ . 

Com and, protein-free, skim milk . ' . ■ _ '' . 

I : 8. 76 

I : 7 - ^4 

I : 7. 71: 

I :9.44 

I : I, 23 
I : I. 37 
I : I. 29 
I : 1.33 


' These were all wide nutritive ratios. The pigs which stored' the 
smallest amount of fat in proportion to the amount of protein fed^were 
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the pigs fed the com and ash-free blood protein and com and casein in 
experiment VI. These had a nutritive ratio of i to 4 and i to 3.34^ 
respectively. 
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i^iG. 57.—GrapMcal rejjreseatation of the rdatioii between the amotmt of protein .constimed and the 

amount of fat stored. 


Most of the other pigs stored from 0.8 pound to i pound of fat for 
.»mch pound of protein consumed. The source of protein did not seem 
to have any distinct influence. The pigs fed on com and/blaclt Hood 
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albiijuin storedj on the whole, as much fat in proportion to the pro¬ 
tein consumed as the pigs fed protein from milk. The two old contin¬ 
uation pigs, one being fed on corn and ash and the other on com and 
protein-free skim milk, stored as much fat in proportion to the amount 
of protein consumed as the younger pigs which received protein from 
sources other than corn. 
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Ag. i8. —Graphical representation of the relation between total therms consmned, therms from pro¬ 
tein oonsumed, and the total therms stored. 

The facts given in Table XVIII are graphically presented in figure 17. 
The bars representing the protein consumed are a little taller than the 
bars representing the fat stored. 


QUANTITATIVE RELATION BETWEEN THE THERMS CONSUMED AND THE 

THERMS STORED 

The therms stored in relation to the therms consumed ^ measure the 
total effectiveness' of the ration. Protein stored in the body can come 
only from'the protein'in the food." 'The digestible fat and carbohydrates 
of the food are used for the production of energy and for fat storage. 
The two principal constituents stored in the body are protein and fat. 
Any'animal fed for the purpose of food production is valuable in ♦the 
proportion in which it stores, protein and fat relative to the amount^ 
,carbohydrates,, protein,,, and fat consumed, " 
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The figtires giviag the total thermal value of the feeds consumed in 
the different rations during the feeding trial, as well as the total thermal 
.value of the protein and fat stored, ai*e shown in Table XX. The thermal 
value of the ration was calculated by multiplying the pounds of carbohy“ 
drates and protein consumed by 1.8 and the pounds of ether extract by 
4.05, assuming that the energy value of these constituents is equal to 
1,800 calories per pound of carbohydrates and protein and 4,050 calories 
per pound of ether extract. For the constituents stored the figures 1,86 
and 4.2 were used for the respective constituents. The ratio was calcu¬ 
lated by dividing the therms stored into the therms consumed. The 
graphic representation of these various values is shown in figure 18. 

Table 'XX..—^Relation between therms consumed and therms stored 


Experi¬ 
ment No. 

Ration. 

Therms 

stored. 

Therms 

consumed. 

Ratio. 

in. 

Com and protein-free skim milk. 

—26.82 

176.43 

Toss. 

Ill. 

Com and asb;. 

-13.23 

250 .13 

Loss. 

VI. 

Com alone. 

-1.23 

223.83 

Loss. 

VI. 

Cora and ash. 

6.96 

212.92 

30.64 ; I 

V. 

Com alone. 

IOr.94 

448-75 

4.40 :2: 

Ill. 

.do.1 

29.88 

389.98 

13.06 : X 

VI. 

Cora and ash-free blood protein. 

114.26 

426.51 

3.73 :1 

IV. 

Com and ash. 

120.53 

535-^1 

4.45 :1 

IV. 

Com alone. 

176.31 

707.47 

4.07 :1 

n. 

Com and ash. 

181.87 

700.57 

3.85 ; X 

II. 

Com alone . 

231.10 

826.go 

3.58 :1 

IV. 

Com and protein-free skim milk. 

241.78 

735-47 

3.04 :1 

V. 

Com and corn germ. 

241.91 

812.98 

3-36 :i 

VI. 

Com, starch, casein, and ash. 

281.62 

825.07 

2.93 :1 

V. 1 

Com and casein every seventh day. 

294.37 

922.34 

3 - 3 C 3 - I 

VI.^ 

Com, ash-free blood protein, and ash. 

296.05 

752.61 

2.54 :1 

VI.., 

Com and casein i :iK and ash. 

372.54 

932.27 

2.50; I 

VI.' 

Com, casein 1:3, and ash. 

381.52 

1,020.66 

2.68': I 

IV.I 

Corn and albiimin.. 

391.20 

1,012.09 

2.59 :i 

VI.' 

Com, casein, reducing, and ash. 

397-14 

980.02 

2.47 : X 

V. 

Cora and casein.'. 

444.61 

1,200.27 

2.70 :1 

IV. 

Cora and milk protein every seventh day. , 

469.41 

1,140.43 

2.43 :1 

V.. 

Com and albumin.■. 

518.97 

I- 387 - 4 S 

2.67 :1 

IV. 

Com and casein. 

581,96 

I,558.12 

2.68 :1 

in. 

Com and milk protein... 

710.02 

1,746.15 

2.46 : X 

in-v... 

Com and protem-free skim milk. 

.00 

3.766.56 

4.32 :i 

II . 

Com and black-blood albumen.... 

908.02 

2,307.81 

2.54 : X 

.. 

Corn and S3mthetic ash. 

91^-57 

3.457-76 

3-79 

II. 

Com, black-blood albumen, and ash--- 

970.14 

2,569.86 

2.65 ; I 


CORN WITHOUT ADUITIONAU PROTEJIN ^^ 

The pigs fed on com alone or on com and ash or on com and protein-free 
skim milk stored less therms on the average in proportion to the thermal 
value of the feeds consumed than did the pigs to whose ration protein 
from animal sources was added. The average ration for all the pigs 
whkh had com and had no protein from other sources was nearly i to 4, 




^ The five pigs wMch made a V€scy small gam'are not mcitid.ed in disctission. 
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That is, for four therms consitmed in the ration only one was stored in 
the form of protein or fat. The two continuation pigs stored energy in as 
efficient a ratio as the younger hogs. Since these two pigs did not make 
material gains for the first year of the experiment, it means that they 
must have stored energy in a more efficient ratio during the last year. 

CORN WITH ADDITIONAL RROTEIN ^ 

The ratio for the pig fed com and com germ was i to 3.36. This was 
wider than for any of the pigs fed additional protein, but narrower than 
for any pig fed com alone. Tor the pig fed casein every' seventh day 
the ratio was i to 3.13—^wider than for any other pig fed protein from 
milk in addition to com. For the. pig fed milk protein every seventh 
day the ratio was i to 2.43. This was the narrowest ratio for any pig. 
For the two pigs fed milk protein in medium amounts, one com and 
casein i to 1.5 and the other com and casein, reducing, the ratios were 
I to 2.50 and I to 2.47, respectively, or narrower than for any of the 
pigs fed milk protein in the larger amounts. The average ratio for the 
four pigs fed milk protein in large 'amounts was i-tp 2.63. From the 
standpoint of energy storage this larger feeding of milk'protein was not 
as efficient as the smaller feeding of milk protein. The ratio for the pig 
fed com, starch, casein, and ash was i to 2.93. This was wider than for 
any pig fed milk protein in addition to com, except one fed casein every 
seventh day. For the two pigs fed black-blood albumen the ratio was 
I to 2.58. In this case the ash had no influence. With the ash-free 
blood protein the addition of ash was a distinct advantage. Without 
the ash the ratio was i to 4.32, as wide as for com alone. With ash 
the ratio was i to 2.54, as narrow as when large amounts of milk p,ro- 
tein were fed. 

This analysis shows that feeding com alone is not advantageous from 
the standpoint of energy stored. It also shows the distinct advantage 
of adding a small amount of protein from other sources. The pigs to 
whose ration from one-tenth to one-third of the total protein in the 
ration was from milk stored energy in as large a ratio as those whose 
ration contained over half the protein from milk or from other animal 
'SO'Urces. 

CONCLUSIONS 
PROraiN STORAGE 

'' 1. Pigs fed on com alone store on the average i pound of protein for 
7.5 * pounds of protein consumed, provided that before the pigs are put 
on the ration they have 'attained a certain development. 

2. When com was supplemented with small amounts of protein from 
milk, from one-eighth to one-tenth of the total protein in the rations the 
pi^ stored pound of protein,for 5.11 pounds consumed. 

■ i Tiie five pigs wiiicb made a very small gala' are not induded in tlie discussion. 
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3. When com was supplemented with a medium amount of protein 
from milk, amounting to nearly one-third of the total protein in the 
ration, the pigs stored i pound of protein for 3.5 pounds consumed. 

4. When com was supplemented mth a large amount of protein from 
milk, from one-half to almost two-thirds of the total protein in the ration, 
the pigs stored on the average i pound of protein for 6 pounds consumed. 
'The amount of protein stored varied from one-fourth to one-half the 
amount in the milk proteins consumed. 

5. A large amount of protein from other sources than com produces a 
more rapid rate of gain, but at the expense of the efficiency of protein 
storage. 

6. The most efficient ration from the standpoint of protein storage is 
one which contains a small amount of protein from milk so combined 
with other feeds as to make a wide nutritive ratio. 

ASH, PAT, AND PROTpIN STORAGE 

7. When com was fed alone the sum of ash, fat, and body protein 
stored was i.i pounds for each pound of protein consumed. 

8. lAHien corn was supplemented with a small amount of protein from 

milk, the sum of ash, fat, and body protein stored was 1.46 pounds for 
each pound of protein consumed. # 

9. When com was supplemented with a medium amount of protein 
'■’S-om milk the sum of ash, fat, and body protein stored was 1.41 pounds 
for each pound of protein consumed. 

10. When com was supplemented with a large amount of protein from 
milk or other animal proteins the sum of ash, fat, and body protein stored 
was less than i.i pounds for each pound of protein consumed, a less 
efficient storage of nutrients than when com was fed alone. This state¬ 
ment leaves rate of growth out of consideration. * 

11. Feeds combined so as to make a wide nutritive ratio produced 
the largest amount of storage of ash, fat, and body protein in relation 
to the amount of protein in the feed. 

FAT 'storage 

12. Nine of the 24 pigs studied in these experiments stored'^more 
than I pound of fat for each pound of .protein consumed. Among these 
9 the 4 which stored fat in largest amount in proportion to the amount of 
protein consumed were fed rations having a wide nutiitive ratio. 

13. Most of the 24 pigs studied in these experiments stored 0.8 pound 
to I pound of fat for each pound of protein consumed. The source of 
protein did not seem to have any distinct influence. The protein from 
black blood albumen was as efficient for fat storage as the protein from 
milk. The 2 pigs fed. till they were nearly 3 years old, and whose sole 
source of protein was com, stored fat as efficiently in proportion ,to the 
amount of protein consumed as the younger pigs which received protein 
from other sources than com. 


42269—21 - 4 
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ENERGY STORAGE 

14. Pigs whose sole source of protein was com stored less tlieniis on 
the average in proportion to the thermal value of the feeds coiisimied 
than did the pigs to whose ration protein from animal sources was added. 

15. From the standpoint of energy storage the small amounts of milk 
protein were as efficient as the larger amounts, but not more so. 

16. From the standpoint of energy storage the feeding of corn alone 
is not efficient. The addition of a small amount of protein from other 
sources from one-tenth to one-third of the total is as efficient as when 
one-half or more of the protein comes from other sources. 

IV. EFFECT OF PROLONGED FEEDING OF CORN ALONE, CORN AND 

ASH, OR CORN AND PROTEIN-FREE SKIM MILK ON THE GROWTH 

AND DEVELOPMENT OF PIGS 

That com alone, corn and ash, or com and protein-free skim milk is 
deficient as a ration for young growing pigs has been shown in section III. 
In experiment II of the series of experiments from which these data have 
been taken, one of the pigs fed com alone was continued, on this feed for 
1,060 days, counting from the beginning of the experiment. This pig 
was4F2 months old at the beginning of the trial, and weighed 54 pounds. 
In experiment III of this same series, one pig from the lot fed com and ash 
and one from the lot fed com and protein-free skim milk were continued 
on through for 900 days, counting from the beginning of the experiment. 
These two pigs were 314 months old at the beginning of the experiment. 
The pig fed com and ash weighed 42 pounds and the pig fed corn and 
protein-free skim milk weighed 47 pounds at the beginning of the experi¬ 
ment. These ages and weights are important because if these pigs had 
been younger at the beginning of the trial the results might have been 
different. 

GAIN IN LIVE WEIGHT 

The live weight of tliese pigs at loo-day periods, the gain for these 
periods, and the corn consumed are given in Table XXI, 

The pig fed com and ash did not make constant gains until 400 days 
after the beginning of the experiment. The total gain in the first 400 
days of the experiment was only 18 pounds, and this was all gained in 
the first 200 days. This net gain of 18 pounds was at the expense of con¬ 
suming 361.3 pounds of com, or 20 pounds consumed for i pound of gain. 
During the last 523 days of the trial the gain was 334 pounds and the com 
consumed was 1,646 pounds, or i pound gain for 5 pounds, consumed. 
The period of greatest increase was from the seven hundredth to the 
nine hundredth day. In this time the consumption was 944 pounds and 
the gain, 215 pounds, orn pound gain for 4.4 pounds consumed. 
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Table XXI. —hive weight, gain, and total feed consumed, by lOO-day periods 


PIG FED CORI^ AND ASH 


Period. 

Weight. 

Gain. 

rotai corn 
consumed. 

Days. 

Pounds. 

Pounds. 

Pounds. 

0 to ICO . 

S6 

14 

121. 50 

100 to 200. 

6 S 

9 

69. 70 

200 to 300 . 

53 

—12 

72.40 

300 to 400. 

60 

7 

97. 70 

400 to 500. 

87 

27 

143 - 45 

500 to 600... 

131 

44 

236. 00 

600 to 700. 

168 

37 

228. 00 

700 to 800. 

269 

lOI 

383* 

800 to 900. 

383 

114 

560. 60 

900 to 923. 

394 

7 

112 . 05 

Total... 



2, 007. 20 





PIG FED CORN AND PROTEIN-FREE SKIM MIEK 


0 to 100 &... 

SI 

4 

81.4s 

100 to 200. 

56 

5 

78.30 

200 to 300. 

54 

—2 

82. 00 

300 to 400. 

64 

10 

, 104. 60 

400 to 500. 

89 

25 

149. os 

500 to 600. 

132 

43 

224. 60 

600 to 700. 

202 ! 

60 

220. 00 

700 to 800. 

293 

91 

409. 00 

800 to 900. 

379 

86 

425 65 

900 to 923. 

375 

~4 

121. 40 


PIG FED CORN ALONE 


0 to 100 ^... 

58 

4 I 

93.99 

100 to 200. 

68 

10 

III. 47 

200 to 300. 

82 

14 

121. 00 

300 to 400. 

128 

36 

201. 40 

400 to 500. 

134 

6 

239.10 

500 to 600. 

3:3s 

I 

192.00 

600 to 700. 

180 

45 

200. 00 

700 to Soo. 

243 

63 

329. 90 

800 to 900.' 

370 

127 

54^* 80 

900 to 1,000. 

481 : 

III ■ 

676, '00 

1,000-1,060.. 

596 

IIS,: 

3S6. 00 


a In the months before the experiment began the pig attained a weight of 42 pounds. 

& In the s% months before the experiment began the pig attained a weight of 47 pounds. 
<5 In the 4K months before the experiment began the pig attained a weight of 54 pounds. 


The pig fed com and protein-free skim milk gained .17 pounds in the 
jSrst 400 days of the trial and consumed 346 pounds of com, or 20 pounds' 
for' each pound gain. In the last 523 days of the trial he gained 311 pounds 
and consumed 1,552 pounds of com, 5 pounds for each pound of gain. 

T&is pig also made his most rapid gains in the last 200 days, gaining 
177 pounds. In this time he, consumed 834 pounds of com, and made, 
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I pound gain for 4.7 pounds consumed. The corn and protein-free skim 
milk ration had no advantage over the com and ash ration. The pig 
fed com alone did not make steady and constant gains till after the six 
hundredth day of the trial. He had gained in this time 81 pounds and 
consumed 959 pounds of com, or i pound of gain for ii.S pounds coii- 


S^0-600€/€ry^ 
000 ’•SOO€^ay& 


//7cre€Jse m £/Ve 

btj 100^ day Periods 



P/^ arp 
&sh 



O 7^ "5^ "^30 
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0^/00 days 
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300*^a0€mys 
days 

600-7m days 
70a-Smddys 
d^s 
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O wK%? days 

ddys 
days 
MO days 

days 
days 
Sc^-^7ao days 
70a‘-&00 days 
600 ••BOO ddys 
mo-MM days 
MMOdOSQ days 



o jm jtoo M>i> ^«W3 . .... 


Kkg. 19 .— GrapMcal representation of the increase in live weight by loo-day periods. 

sntned. This is a better necord than for the other two pigs., This gain 
took place mostly, in the first 400 days. In this time the gain was 
74 pounds and the consumption was 428 pounds, or i pound'of gain for 
5.7 pounds consumed. There was a period' from the four hundredth to 
the six hundredth day that there/was very Ittle gain., • In the last 460 
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days tlie gain was 461 pounds and the com consumed was 2,141 pounds, 
or I pound of gain for 4.6 pounds consumed. In the last period of Ms 
life the pig fed corn alone made as good gains as the pig fed corn and ash 
or corn and protein-free skim milk. The facts presented above are 
graphically shown in figure 19. 

The outstanding fact is that in all these pigs there was a long period 
in which the gains were very small, and after this period the rate of gain 
and the gain for the amount consumed was equal to that of pigs fed a 
standard ration. It evidently means that before a pig can make satis¬ 
factory gains it must attain a certain development. When corn alone is 
the sole diet this development is attained very slowly. When alfalfa 
pasture was the sole source of food, this development took place more 
rapidly, although the pigs did not gain much in weight. This fact was 
illustrated by some pigs in this series of experiments which were fed on 
alfalfa pasture alone. One lot of those pigs gained an average of only 
3 pounds each in 120 days. When they were put on com alone they 
gained 67 pounds in as many days. This gain was produced from 284 
pounds of com, or 4X pounds of com for each pound of gain. One pig 
from this lot was analyzed when taken off the alfalfa pasture. Compared 
with a control pig killed at the beginning of the experiment, he had gained 
11.66 pounds moisture, 0.77 pound ash, 2.93 pounds protein, but lost 
14.84 pounds fat. Unfortunately no pig from this lot was slaughtered 
at the end of the trial. But, as has been shown in section I, it is safe to 
compare pigs of approximately equal size for the purpose of calculating 
chemical composition. A comparison of the pig of this lot fed com alone 
after alfalfa pasture with a slaughtered pig fed com alone, showed that 
the foilowing average pounds of gain were made on com alone in 67 days: 
moisture, 11.73; ash, 0.87; protein, 3.8S; fat, 56.71. While the gains on 
alfalfa pasture were unsatisfactory, the pigs had attained a certain devel¬ 
opment of body which gave them vigor to make rapid gains when put on 
com alone. It should be noted that the gains were comparatively 
large in protein and ash on alfalfa pasture, and on com alone the gain 
was largely fat. Alfalfa alone is strong in those growth-producing 
properties in which com is weak. Com is strong in fat-producing 
properties in which alfalfa is weak. Hughes ( 6 ) has shown that when 
chickens are fed on com alone, the growth curve is similar to the one made 
by pigs fed on com alone. He also'shows that the rate of growth in 
chickens can be increased by forced feeding. 

nutrients and therms in corn consumed 

The average composition of com fed these pigs was assumed to be the 
same as the average of the com used in all these experiments—namely, 
prcTtein, 9.65 per cent; carbohydrates, 75 per cent; fat, 3.8 per cent. In 
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making calciilations for thermal value, i,8oo calories were used for each 
pound of carbohydrate and protein and 4,060 calories for each pound of 
fat. On the basis of these figures of thermal value, composition, and the 
amount of com consumed in the different 100-day periods, the total 
therms in corn consumed w'ere calculated. The small thermal value in 
the organic matter of the protein-free skim milk was omitted from these 
figures. The figures as obtained are found in Table XXII. The chief 
value of these figures is to obtain data to use in calculations given further 
on. 

TablU XXII .-—Weight of nutrients and therms in corn consumed 


PIG PED CORN AND ASH 


Period. 

Total 
com con- 
sinned. 

Carbo¬ 
hydrates 
in com. 

Therms 
in carbo¬ 
hydrates. 

Fat in 
com. 

Therms 
in fat. 

Protein 
in com. 

Therms 

in 

protein. 

Total 
therms 
in com. 

Days. 

oto looo.. 

xoo to 200. 

200 to 300. 

300 to 400. 

400 to S<X>. 

sooto 600.,....! 

600to 700.... 

700 to 800. 

goo to 900. 

900 to 923. 

Total'. 

Pou7ids. 
121 . SO 
69. 70 
7a. 40 
97 - 70 
143 - 4 S 
236. 00 
228. 00 
383- 80 
560. 60 
lia. os 

Pounds. 

91.13 
52. a8 
54-30 
73 - 28 
107. S 9 
177. 00 
171. 00 
287. Ss 
420. 4S 
84. 04 

164.03 
94.10 

97.74 
! 131. 90 

193. 66 
3x8. 60 
307. 80 
518.13 
756.81 

151. 27 

Pounds. 

4.62 

2. 6s 

2. 75 

3. 71 

S -45 

8.97 
8.66 
14- S8 

21, 30 

4. 26 

18. 76 

10. 75 

11. 17 

15. 06 
22. 12 

36. 41 
35. r 6 
59.19 
86. 48 
17.30 

Pounds. 
II. 72 

6. 73 

6 .99 

1 9-43 

13. 84 
22. 77 
22.00 

37.04 

54. 10 
10. 81 

21. 10 

12 . II 

12. s8 
16. 97 

24.91 

40.99 

39.60 
66. 67 
97.38 
19. 46 

213.89 
116. 96 
121. 49 
163. 93 
240.69 
396. 00 
382.56 

643.99 
940.67 
188,03 

2,007. 20 

1 





195. 43 











PIG PED CORN AND PROTEXN-PRBB SKIM MEtK 


oto 100 «■... 

81. 45 

61.09 

109.96 

3. 10 

12. 59 

7.86 

14. IS 

136. 70 

100 to 200.,... 

78.30 

58. 73 

105. 71 

2. 98 

12,10 

7. S6 

13. 61 

131. 42 

200 to 300. 

82. 00 

61. 50 

110. 70 

3. 12 

12. 67 

7.9s 

14. 24 

237. 61 

300 to 400.. 

104. 60 

78.4s 

141. 21 

3. 97 

16. 12 

10. 09 

18. x6 

175. 49 

400 to soo. 

149- OS 

III. 79 

201. 22 

5 .66 

22. 98 

14. 38 

25.88 

250. 08 

$00 to 600... 

224, 60 

16S. 4S 

303. 21 

8. 53 

34. 63 

21. 67 

39- 01 

376. 8s 

600 to 700...... 

220. 00 

165. 00 

297. 00 

8. 36 

33- 94 

21. 23 

38. 21 

369. 2S 

700 to 800. 

409. 00 

306. 75 

552. IS 

IS* 54 

63. 09 

39. 47 

71. 05 

686. 29 

Soo to 900.... 

425. 65 

319, 24 

574.63 

16,17 

65. 65 

41. 08 

73- 94 

714. 22 

900 to 923... 

I2I. 40 

91.05 

163. 89 

4. 61 

18. 72 

11. 72 

21.10 

203. 71 

Total. 

1,898. OS 

1 , M,.. 




182. 97 











PIG FED CORN AEONE 


0 to 100 6..... 

93 - 

99 

70. 

49 

126.88 

3 - 57 

( 14. 

49 

1 9.07 

16. 33 

157. 

70 

100 to zoo . 

III. 

47 

83. 

60 

ISO. 48 

4. 24 

17. 

21 

10. 75 

19. 35 

187- 

04 

200 to 300..... 

121. 

00 

90. 

75 

163. 35 

4. 60 

iS. 

68 

11. 68 

21. 03 

203. 

OS 

300 to 400....,. 

201. 

40 

151. 

OS 

271. 89 

7.6s 

31. 

06 

19.44 

34 - 99 

337 * 

94 

400 to 500.,.. 

239. 

10 

179. 

33 

3»2. 79 

9.09 

36. 

9 X 

33. 07 

4 X.S 3 

40X, 

23 

500 to 600. 

192. 

00 

144. 

00 

259. 20 

7 - 30 

29. 

63 

18. S 3 

33.35 

322 . 

x8 

600 to 700.. 

200. 

00 

isa 

00 

27a 00 

7. 60 

30. 

86 

19.30 

34 - 74 

335. 

60 

700 to 800.... 

339. 

90 

247. 

43 

445.37 

13. 54 

50. 

91 

31.84 

57 - 3 ^ 

553* 

59 

Sooto 900. 

548. 

So 

411. 

60 

740.88 

20 8s 

84. 

6s 

52 .96 

95*33 

920. 

@6 

900 to 1,000,,,. 

676. 

00 

507. 

00 

912.60 

25.69 

104. 

30 

65. 23 

117.4X 


3 X 

1,000 to i,cwSo. 

386. 

00 

289. 

SO 

521.10 

14 * 67 

59 . 

S6 

37. 25 

67.0s 

647. 

71 

Total. 

3 r 099 . 

66 





299. 12 











^ No data for moaths precedmg: ejcpeiimeat. 
^ No data for 4K months precedinjg experiment. 
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Tabl]® XXIII.—-Proiem stored and thermal value 

PIG FED CORN AND ASH 


Period. 

Eive 

weight. 

Percentage 
of protein. 

Total 
protein in 
body. 

Protein 

stored. 

Therms in 
protein 
stored. 

Days, 

Pounds, 


Pounds. 

Pounds. 


0 to 100 . . .. 

56 

II 

6.16 

1*54 

2.86 

100 to 200.. . 

6s 

II 

7*2:5 

•99 

1.84 

200 to 300 . . 

53 

II 

S -83 

--1.32 

—■2.46 

300 to 400. .. 

60 

II 

6 . 60 

•77 

1.43 

400 to 500. 

87 

II 

9*57 

2.97 

5*52 

500 to 600. 


10 

13.10 

3*53 

6.57 

600 to 700. . . 

168 

10 

16.80 

3.70 

6.88 

700 to Soo . 

269 

9 

24.21 

7.41 

: 14*15 

800 to 900. 

383 

9 

34.47 

10.26 

18.17 

900 to 923 . 

394 j 

9 

35-46 

*99 

1.84 

Total. 




32,16 








PIG FED CORN AND PROTEIN-FREE SKIM MIDK 


0 to 100 ^. 

SI 

II 

S.61 

0.44 

0.81 

100 to 200. 

5 ^ 

II 

6.16 

•55 

1.02 

200 to 300... 

54 

II 

5*94 

■— .22 

-.41 

300 to 400. 

64 

II 

7.04 

1.10 

2.0$ 

400 to 500. 

89 

II 

9*79 

2.75 

S.I 2 

500 to 600. 

132 

10 

13.20 

3.4X 

6.34 

600 to 700. 

202 

10 

20.20 

7.00 

13.02 

700 to 800.. 

293 

9 

26.37 

6.17 

11.48 

800 to 900.... 

379 

9 

34-11 

7*74 

7*05 

900 to 923.. 

375 

9 

33 - 7 S 

-.36 

-.67 

Total. 




28,16 









PIG FED CORN ATONE 


0 to 100 C,... 

S8 

II 

6.38 

1 

0.44 

0.82 

100 to 200. 

68 

II 

7.48 

1.10 

I.os 

200 to 300.. 

82 

II 

9.02 

1.54 

2.86 

300 to 400.. 

128 

10 

[ 12.80 

3-78 

' 7*03 

400 to 500... 

X34 

10 

1 13.40 

.60 

1.12 

«;oo to 600. .. 

X35 

10 

1 13-50 

.10 

.19 

600 to 700... 

180 

10 

1 18.00 

4.50 

8-37 

700 to 800. 

243 

1 ■ ^ 

21.87 

3*87 

7.20 

800 to 900... 

370 

! 9 

1 33 * 3 «> 

11.43 

21.26 

900 to ijOQO. 

481 

I 9 

43*29 

9*99 

18.58 

1,000 to 1,060... 

S96 

9 

53-64 

X 0 . 3 S 

19*25 

Total. 




47*70 



1 1 ! 




® In the months before the experiment began the pig attained a weight of 43 pounds, of which xi per 

cent was protein. The total protein in the body was 4.62 pounds. 

b In the $14 months before the experiment began the pig attained a weight of 47 pounds, of which it i>er 
cent was protein. The total protein in the body was 5*17 pounds. 

«In the 4M months before the experiment began the pig attained a weight of 54 pounds, of which ii per 
cen^was protein. The total protein in the body was s *94 pounds. 
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PROTEIK storag:^ 

In calculations of the pounds of protein stored in the body it was 
assumed that 'the percentage of protein on the basis of live weight was 
II ior weights less than loo pounds, lo for weights between loo and 200 
pounds, and 9 for weights above 200 pounds. These assumptions are 
based on average composition of pigs of similar weights. As the last 
period, 900 to 923 days, for tw^o of the pigs is very short, the figures for 
this period should not be averaged or considered of any great significance... 
For calculating the thermal value of the protein stored, 1,860 calories 
per pound were used. This is not the total thermal value of the protein, 
but the thermal value of protein used as food. The figures as obtained 
axe given in Table XXIII. They show that in the first 400 days of the 
experiment about 2 pounds of protein were stored by the com and ash 
pig and 1.87 pounds by the com and protein-free skim milk pig. In the 
period between 200 to 300 days the figures show a loss of protein. In 
this time there wms a loss in live weight. As this loss was probably mostly 
fat, the figures for protein storage are no doubt low. The only value of 
these figures is the contrast betw^een the low gains made in the first 400 
days of the experiment and those made in the last half. 

The increase in protein content in these pigs is shown graphically in 
figure 20. 

FAT STORED 

In the calculation of the amount of fat stored in the body it was 
assumed that the percentage of fat on the basis of live weight was gradu¬ 
ally increasing from 20 to 52 and 55 in the largest pig. This assumption 
is based on the average composition of pigs of similar size. The tw^o pigs, 
one fed com and ash the other fed com and protein-free skim milk, were 
slaugl^tered, so the percentage for fat for the last period is tliat actually 
fotod.. The pig fed com alone was not slaughtered, and the figures were 
assumed. The figures for the last period of 23 days should be omitted 
for two of the pigs. In the calculation of tlie thermal value of the fat 
stored, 4,200 calories per pound of fat were used. 

According to these figures the pig fed com and ash stored only 9 pounds 
of fat ^during the first 400 days and the pig fed corn and protein-free skim 
milk; stored 7 pounds. These figures are probably low. 

The increase in fat storage by periods is graphically represented in 
fi^e 21. This serves to show the very large increase in fat during the 
later periods. 

? RELATION BETWEEN VAEUES OF FOOD CONSUMED AND NUTRIENTS 

STORED 

The pounds of protein stored divided into the pounds of protein 
consumed ^gives a ratio which serves to show, in a measure, the efficiency 
of,therationfor storage of protein. In section III ithas been shown that 
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Fig. 20.—Graphical represeatati 
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tJais ratio varies considerably, depending on the ration used. It was 
shown that with com alone protein is stored at an average ratio of very 
nearly i to 7. Comparison of the amount of protein stored in the pig 
fed com alone and in the pig fed com and protein-free skim milk with 
the amount of protein consumed showed that the average ratio for these 
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Fio. ax.—GrapHcsa! represmtatioa of the increase in fat by loo-day periods. 

two pigs was Very nearly i to 7’for the whole period of the experiment. 
Since these two“ pigs were slaughtered,' this comparison is direct. This 
means that these two pigs for the whole lifetime stored protein as'effi¬ 
ciently as those younger "pigs which'were fed on com alone but grew 
more';at 'an ^earlier stage. Since' all- these three: pigs did' not grow-mudi 
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the first 400 days of the experiment, it means that the protein was stored 
at a much wider ratio than i to 7 during this period. The detailed 
figures for the calculations by periods are found in Table XXIV. By 
dividing the calculated amount of protein stored into the amount con¬ 
sumed, we find that the ratio for the pig fed corn and ash was i to 17.61 
during the first 400 days and for the pig fed com and protein-free skim 
milk, it was i to 18.88. And for the pig fed com alone it was i to 12.24 
for the first 600 days. This narrow ratio for this pig is due to the fact 
that this pig had a period of relatively rapid growth between the three 
hundredth and four hundredth day. During the rest of the life of these 
pigs they stored protein in a much narrower ratio. The average for the 
pig fed corn and ash was 5.37 for the last 500 days. For the pig fed com 
and protein-free skim milk it was 5.96, and for the pig fed corn 
alone it was 5.15, While these figures are based on several assumptions 
founded on experimental evidence, it brings out this fact, that the best 
ratio in which protein was stored by these pigs fed corn was not far 
from I to 5. While this ratio is narrower than that obtained from pigs 
fed protein in abundance from other sources than com, it is much wider 
than when com was supplemented by a small amount of protein. The 
ratio for the pig fed com and casein, reducing (see section III), was i 
to 3.7, the one fed com and casein from pounds of milk for each 
pound of corn was i to 3.3, and that for the one fed com, starch, 
casein, and ash was i to 2.9. 

Tabub XXIV .—Pounds of fat stored and thermal value 
PIG BBD CORN AND ASH 


Period. 

I Weight. 

i 

Percentage 
of fat. 

Total fat 
in body. 

Fat stored. 

Therms in 
fat stored. 

Days. 

Pounds. 


Pounds. 

Pounds. 


0 to 100 ^. 

56 

20 

11.20 

2. 80 

11.76 

100 to 200.. .. 

65 

20 

13.00 

I. 80 

7 - 56 

20010300. ..' . 

S 3 

20 

10. 60 

— 2.40 

, —10. oS 

300 to 400. 

60 

25 

IS* 00 

4.40 

18.48 

400 to 500... 

87 

30 

26. 10 

11.10 

46.62 

500 to 600. 

131 

40 

52.40' 

26.30 

110.46 

600 to 700. 

168 

45 

7 S 60 

23.20 

97.44 

700 to 800... 

269 

47 

126.43 

so-83 

213.49 

800 to 900.. 

383 

' 50 

i 9 ^‘ 50 

65.07 

273.29 

900 to 923.....'. 

394 

52. s 

206.85 

15-35 

i 64.47 

Total . .. 




200. 85 
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Tabi,e XXIV .—Pounds of fat stored and thermal value —Contiiiued 


PIG PED CORN AND PROTEIN-PRBE SKIM MIEK 


Period. 

Weight. 

! 

Percentage 
of fat. 

Total fat 
in body. 

i 

Fat stored. 

Therms m 
fat stored. 

Days. 

PouTtds. 

i 

Pounds. 

P&unds. 


a to ICO 5 . 

SI i 

20 

10. 20 

p 

(X 

0 

3 * 3<5 

100 to 200. 

56 

20 

II. 20 

I. 00 

1 4.20 

200 to 300. 

54 

20 

10. 80 

--40 

— 1.68 

300 to 400. 

64 

25 

16. 00 

5. 20 

21.84 

400 to 500. 

89 

30 

26. 70 

10. 70 

44 - 94 

500 to 600.. 

132 

40 

52. 80 

26. 10 

1 109.62 

600 to 700. 

202 

45 1 

90. 90 

38. 10 

160. 02 

700 to 800. 

293 

47 

137 - 71 

46.81 

196. 60 

800 to 900. 

379 

50 

189. so 

SI -79 

217. 52 

900 to 923. 

375 

52 

195. 00 

5 * 50 ' 

23. 10 

Total. ' 




186.00 









PIG RED CORN ALONE 


oto 100 c.'_ 

S8 

20 

II. 60 

0.80 

3-36 

100 to 200. 

68 

20 

13.60 

2. 0 

8. 40 

200 to 300. 

82 

20 

16. 40 

2.80 

II. 76 

300 to 400. .. 

128 

25 

32, 00 

15. 60 

65-52 

400 to 500. .. 

134 

30 

40.20 

8. 20 

34 * 44 

500 to 600. 

135 

40 

54.00 

13. 80 

57. 96 

600 to 700. 

180 

45 

81. 00 

27.00 

113. 40 

700 to 800.. 

243 

47 

114. 21 

33 - “I 

139. 4S 

800 to 900. 

3.70 

50 

185.00 

70. 79 

297. 32 

900 to 1,000. 

481 

52 

250.12 

65-12 

273. so 

1,000 to 1,060. 

596 

55 

327. 80 

77.68 

326. 26 

Total. 




317.00 

i 








•s In the 3 1/2 months before the experiment began the pig attained a ■weight of 42 pounds, of which 20 per 
cent was fat. The total fat in the body was 8.40 pounds. 

^ In the 3 1/2 months before the experiment began the pig attained a weight of 47 pounds, of which 20 per 
cent 'W’as fat. The total fat in the body was 9.40 pounds. 

^ In the 4 1/2 months before the experiment began the pig attained a weight of S4 ixiunds, of which 20 per 
cent %vas fat. The total fat in the body was 10.80 pounds. 

RELATION BRTWRRN TOTAL THERMS CONSUMED AND TOTAL THERMS 

STORED 

The pig fed com and ash consumed 19.31 therms for one stored during 
the jfirst 400 days of the experiment. During the last 500 days of the 
experiment he consumed 3,28 therms for one stored. The pig fed corn 
and protein-free skim milk consumed 18.33 therms for one stored during 
400 days of tlie experiment and 3.11 for one stored during the last 500 
days of the experiment,' For the pig fed com alone the therms consumed 
were 8.23 for the first 600 days and 2.93 for the last 400 days for each 
therm stored. - (Table XXV.) 

, In Section III it was shown that pigs fed com alone stored on the aver¬ 
age I' therm for 4 consumed. This was with pigs which made some growth 
on com alone.. In pigs that made a small growth or none at all,, the ratio 
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was much wider. The two pigs compare, in the first 400 days, with 
those that made a very small growth on com alone. The pig fed com 
alone stored energy a little more efficiently the first 600 days. During 
the last period of the experiments these pigs compare with the pig fed 
com, starch, casein, and ash and the pig fed corn and casein from 3 
pounds of milk every seventh day. But when the energy storage is 
compared with that of the pigs fed com and medium amounts of milk 
protein, the ratio is wider. This means that even in the last stages of 
growth when the increase in live weight was rapid and the gain in pro¬ 
portion to the amount of com consumed was satisfactory, the energy 
storage was not as good as with the pigs fed a moderate amount of pro¬ 
tein from sources other than com. 

The graphic presentation of the relation between’ therms consumed 
and therms stored are given in figure 22. 

Tabc:i^ XXV .—Stimmary of pounds of protein consumed and pounds of protein stored, 
therms in nutrients consumed and therms in nutrients stored, and ratios 

HG FED CORNT AND ASH 


1 

Period. 

Protein 

con¬ 

sumed. 

Protein 

stored. 

Ratio. 

Average 

ratio. 

Therms 
in nutri¬ 
ents con¬ 
sumed. 

Therms 
in nutri¬ 
ents 
stored. 

Ratio. 

Average 

ratio. 

Days. 

0 to 100 ®. 

100 to 200.. 

Pounds. 
II. 72 
6.73 

Pounds. 
I- 54 
•99 


1 17-61 

I 

( 203. S9 

I 116.96 

14. 62 
9-40 

1 13-94 

12.33 

19.31 

200 to 300... 

300 to 400. 

400 to SCO. 

500 to 600. 

d 99 
9-43 
13-84 
22. 77 

- 1.32 
•77 
2.97 
3*53 

4.66 

6.43 

j 121.49 

1 163- 93 

f 240.69 
396. 00 

! -X2. 54 

29. 9X 
52.14 
II7.03 , 

Loss. 
8. 23 
4.6x 
3-38 

600 to 700. 

700 to Soo. 

Soo to 900. 

22. 00 
37- 04 
54-10 

3. 70 

7*41 

10.26 

S-9S 
5*00 
5-27 

r S-37 

1 

\ 3S2. s6 

I 643.99 

1 940-67 

X04.32 ' 
227.64 
292. 00 

3.67 

2.83 

3.22 

3-38 


PIG FED CORN AND PROTEIN-FREE SHIM UlhSl 


0 to 100 4. 

100 to 200. 

200 to 300. 

7.86 
7. 56 

7.9X 
to. 09 
24.38 

0-44 
■55 
— . 22 

1.10 


1 i3. SS 

136. 70 
13 X- 42 

137. 61 

, 275.49 

250. oS 

• 4-17 

5-23 
— 2. 09 
23- 89 
SO. 06 

32. 78 
2S-X7 
Loss. 
7-34 
4.99 

400 to Soo. 

2* 75 

5- 23 

1 

500 to 600. 

21. 67 

3*41 

6.36 


376. Ss 

IIS- 96 

3-25 

600 to 700.. 

21. 23 

7.00 

3-03 

\ 5*96 

^ 369- IS 

173. 04 

2. 23 

700 to 800. 

39-47 ' 

6.17 

6- 40 


6S6. 29 

20S. oS 

3-30 

Soo to 900. 

41. 08 

3* 79 

10.84 


. 7x4.22 

224.57 

3- XS 


PIG FED CORN AliONE 







2^7. 70 

4-18 





I. 20 



2S7. 04 

10.43 

17. 90 


200 to 300.' . 

II. 68 

x-54 

3.78 


' 12. 24 

203. 05 
■^37. 94 

14. 62 

13. 89 

$. 23 






40I. 23 

35- 56 

II. 28 


JOO to fioQ.. .... . 

18. 53 

• 20 



, 322. iS 

58. IS 

5- 54 


600 to 700 . 

29- 30 

4* so 

4* 29 


335-60 

222- 77 ! 

2. 76 


700 to 800 ...--- 

31* 84 

3- 87 

8, 22 


553- 59 

246. 6S 

3. 77 


Soo to 900 .. 

52- 96 { 

12.43 

4.63 

S-xs 

920. 86 

32S. S8 

2. 89 

2.93 

900 to 1,000. .. . . 

65- 23 

'9- 99 \ 

6- S3 


1,134-3 X ' 

392. oS 

3- 88 


1,000 to 1,060,,' . 

37- 25 

10.3s 

3. 60 


647* 7X 

345* 51 

I. 87 



a No data for months preceding experiment. 
No data for 45^ months preceding experiment. 
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CONCISIONS 

I. Two pigSj one put on a ration of com and ash, one on a ration of 
com and protein-free skim milk when months old, did not make satis¬ 
factory gains until they had been on this ration for about 500 days. 


o fw 

£00 

,»& 

4 W - soo 
SOQ 

60a ^7m 
mo 

mo - m& 

0 --m 

m -£oo 
mo ^sm 
mo -'-w 
-sw ^soo 



500 - SOO c/ays 

soo -^mo €^?ys 

TOO ^600 €hys 
mo 900 jffys 



O - /OO o^ys 
m) - £00 ahyjr 

mo “• £00 o^ys 
%M 0 -mo € 3 ^ys‘ 
mo -SOO oTays 
SW '-000 cpfoyj 
SOO - WO €!hys 
7m -600 €^ys 
800 -900 ohys 
800 -M0O ehys 
/mo- J060 €hys 



aa.—OrapWcal represeutatioti of the relation between therms consiimed and therms stored by 

100-day periods. 


I^rom that time for 400 days they made good gains. One other pig put 
on a ration of com aJone when months old made very slow gains for 

about 300 days, more rapid gains the following 400 days, and for the 
1^1360 days of the experiment he made rapid gains. 
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2. Wiieii com was tlie sole source of protein in the ratioiij the ratio 
of protein stored to protein consumed was i to 7. This ratio was ob¬ 
tained when com was fed for a prolonged period —900 days. This agrees 
with the ratio obtained in several other instances when com was fed for 
a period of 180 days. This appears to be the limit of the possibilities 
of protein storage from corn. 

3. The two pigs, one fed com and ash, the other fed com and protien- 
free skim milk, stored i therm for 18.82 consumed during the first 
400 days of the experiment. During the last 500 days they stored i 
therm for 3.19 consumed. The pig fed com alone stored i therm for 
8.23 consumed during the first 600 days. During the last 400 days he 
stored i themi for 2.93 consumed. 
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SOME FUNDAMENTALS OF STABLE VENTILATION 


By Hknry Prentiss Armsby, Director, and Max Kriss, Associate, Imtituie of Animal 
Nutrition of ilie Pennsylvania State College 

COOPERATIVE INVESTIGATIONS BETWEEN THE BUREAU OF ANIMAL 
INDUSTRY OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
AND THE INSTITUTE OF ANIMAL NUTRITION OF THE PENNSYLVANIA 
STATE COLLEGE 

Mucli study has been given in the past to the mechanical aspects of 
stable ventilation and to the construction of efficient systems; but, so 
far as the authors are aware, singularly little attention has been paid to 
the amount of motive power available for the operation of these systems. 
This is particularly true of that portion of it which is derived from the 
heat production of the animals, notwithstanding the fact that the latter 
may vary within wide limits and may at times constitute the sole motive 
power. 

In the cooperative investigations upon animal nutrition which have 
been carried on at this institute during the past 20 years, a large number 
of direct determinations of the heat production of cattle under different 
conditions have been made. Numerous similar determinations have 
also been made by Kellner (jx, 12^ i by the method of indirect calorim¬ 
etry. A smaller number of results upon other species of farm animals 
are also on record. Upon the initiative and with the efficient coopera¬ 
tion of Mr. W. B. Clarkson, chairman of the Committee on Farm Build¬ 
ing Ventilation of the American Society of Agricultural Engineers, we 
have attempted to work out a method by which these results may be 
applied to the problems of stable ventilation and the heat production 
in any specific case computed with a fair approximation to accuracy. 
The present paper contains the results of these endeavors. 

INTRODUCTION 

The installation of an effective ventilating system must necessarily 
depend, first, on a knowledge of the scientific principles involved and, 
second, upon a study of the conditions of each individual case. As the 
amounts- of pure air required by the different species of farm animals are 
different, the minimum volume of air movement through a stable must 
vary accordingly. The construction'of a ventilating system must be 
based on the unit of ait movement chosen and on the available motive 
power which is to ensure the required supply of air. 

i Reference is made by number (italic) to * ‘Literature cited/’ p. 367--36S 
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The motive power utilized in stable ventilation is chiefly the passing 
wind and the heat and water vapor given off by the animals. It fre¬ 
quently happens, however, that the motive force due to the wind is very 
small or even zero. At such times the air movement is entirely depend¬ 
ent upon the motive power derived from a rise in temperature and from 
an increase in the moisture content of the air after it enters the stable. 
It is therefore important to know this minimum motive power—-that is, 
the heat and water vapor supplied by the animals, as this knowledge is 
evidently fimdamental in determining the proper dimensions of the ven¬ 
tilating system. 

But the heat given off by farm animals, while serving as a motive 
power for ventilation, is also relied upon to maintain the temperature 
of the stable at a comfortable degree in cold weather. The Committee 
on. Farm Building Ventilation of the American Society of Agricultural 
Engineers in its recent report { 8 ) to the society has emphasized very 
strongly the need of effective control of the temperature in farm build¬ 
ings, as based on a number of its investigations. The committee found 
many bams -with well-equipped ventilating systems which were not pro- 
; ducing satisfactory results to the owners, not because of inadequate ven¬ 
tilation, but because of the fact that the buildings were too cold. ,, All 
these facts point to the necessity of knowing how much heat is given 
off by the different fann animals and is available for heating and ventilat¬ 
ing purposes. 

Besides heat and water vapor farm animals give off carbon dioxid 
and some volatile organic products. Air once respired contains carbon 
dioxid in a quantity which makes it unfit to be breathed again unless 
very much diluted with pure air. It is chiefly the carboii-dioxid content 
of the air that serves as a basis for determining its degree of purity. In 
selecting a unit of air movement in the construction of a ventilating sys¬ 
tem it appears, therefore, that a loiowledge of the average amounts^'of 
carbon dioxid produced by the different animals must be of not a little 
significance. 

amount of air RnQUIRFD FOR DIFFERENT SPECIES AND STANDARD OF 

PURITY 

, From what has just been said it is clear that the question of stable 
ventilation is a question of maintaining the proper purity of air in the 
stable as' well as the proper temperature. Air supports the iife of the 
p.;'';animal The air an animal breathes is as much an indispensable' part 
'^.;|'''of the feed it consumes as is the bay or the grain eaten. Witliin the ani¬ 
mal body neither assimilation of food nor generation of energy can take 
place without the consumption of a proportionate amount of air. When 
^&e animals are outside they have plenty of pure air at their' disposal; 
^ ‘ p the stable, however,' the air is contaminated with the gases thrown 
off by ^them. Unless there 'is ,an air movement at a proper, rate, into' and 
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out of tlie stable, these gases—^the carbon dioxid and the volatile organic 
products exhaled by the animals—^will accumulate and may have inju¬ 
rious effects on them. 

King (14) bases his estimates of the volume of air which should move 
continuously through stables, first, on the amount of ptire air which must 
be breathed by different animals and, second, on the standard of purity 
recommended by him. According to his computations a horse must draw 
into and force out of his lungs, on the average, each horn, some 142 cubic 
feet of air, the cow 117, the pig 46, and the sheep 30 cubic feet. 

The standard recommended by King requires a degree of purity of air 
not lower than 96.7 per cent.—^that is, that the air in the stable shall at 
no time contain more than 3.3 per cent of air once breathed. Since the 
air coming from the lungs contains about 4.24 volume per cent of carbon 
dioxid and pure air 0.028 volume per cent, it appears that King’s stand¬ 
ard allows 4.24X0.0334-0.028X0.967, or 0.167 volume per cent of car¬ 
bon dioxid. From the amounts of air breathed by the different animals 
given above, the rate at which air must enter and leave the stable to 
correspond to this standard is computed per hour and per head as follows: 


For horses: 
For cows: 
For swine: 
For sheep: 


142X100 

3-3 

117X100 
3-3 

46X100 

3-3 

30X100 

3-3 


4,303 cubic feet. 
3,545 cubic feet. 
1,394 cubic feet. 
909 cubic feet. 


It is not claimed that the standard of air purity and the units of air 
movement for the different animals given above are absolutely needed. 
While they probably afford a good gauge by which to be guided, they 
have been given here mainly to illustrate the method and the basis of 
'tlieir computation. 


MOTIVF POWER FOR STABLE VENTILATION 

The maintenance of a flow of air through a building requires the con¬ 
tinuous expenditure of energy, and the amount of this energy and the 
work done will be in direct proportion to the weight of air moved through 
the ventilated space and the resistance it is necessary to overcome in 
accomplishing this movement. To supply air to 100 horses, for example, 
at the rate of 4,303 cubic feet per hour and per head, the necessary amount 

of work is that of moving through the stable each hour 

or 17.2 tons, 0.08 representing the weight of i cubic foot of air in pounds. 

The power used to accomplish the air movement through stables, as 
already stated, is chiefly the passing wind and the heat and moisture 
given off by the animals. The motive force due to the wind depends on its 
velocity, direction,, etc., and is, in general, very variable and sometimes, 
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even zero. On the other hand, the amounts of heat and water vapor given 
off by animals are fairly constant under like conditions and must, therefore ^ 
be depended upon to cause a flow of air sufficient to supply the minimiini 
amount needed. Since it is this minimum air movement that concerns us 
most, only the motive power derived from the heat and water vapor 
produced by the animals will be considered here. 

ANIMAU AS A MOTIVE POWER IN VENTEOATION 


The immediate cause of air movement into and out of a ventilated 
space is a difference of pressure established between the air in the space 
to be ventilated and that outside. The effect of the heat given off by 
the animals is to render the air of the stable relatively lighter than the 
air outside. This difference in density causes a difference in pressure, 
which tends to maintain a continuous flow of air into and out of the 


stable. , . ' 

The difference in pressure between the air in the bam and that outside 
resulting from a difference in temperature can be computed in the fol¬ 
lowing way: When air is warmed its volume'' expands 1/491 of its 
volume at 32° F. for each degree Fahrenheit rise in temperature. This 
expansion tends to force out i cubic foot of air for each 491 cubic feet 
contained in the stable, and the air remaining will consequently weigh 
less than an equal volume outside by an amount equal to the weight of 
the air thus forced out. If, for example, in a stable containing 19,640 
cubic feet, or one very nearly 40 by 40 by 12.3 feet, the temperature is 
raised to 57^, as compared with 32*^ outside, the air forced out by expan¬ 
sion will be or 1,000 cubic feet. Inotherwords, the air remain- 

491 ’ ’ 

ing will weigh So pounds less than an equal volume outside. This means 
that the total pressure into the stable at the floor is 80 pounds greater 
than that exerted outward by the inside air; and, since the floor has an 
area of 40X40=1,600 square feet, the pressure tending to force air 

80 

into the stable at a floor opening and out at the ceiling is 
pound per square foot. 

Based on the foregoingconsiderations, the magnitude of tlie tempera¬ 
ture effect in producing draft, according to King, is represented by the 


following equation: 

Cubic feet per hour = 60 X 60 X 8 

in which— 




60 X 60 is the number of seconds per hour, 

8 is g being the value of gravity, 32.16 feet per second, 
T is the temperature of air inside, 
t is the temperature of air outside,. 

His^the'’height of room, or ventilator, ', 
i/49i:,ia'tiie expansion of air'for " 



Jane 1, i9sr SofM Fundamentals of Stable Ventilation 347 

Tills equation gives the theoretical value of the air flow per square 
foot of cross section. The actual flow of air is, however, less than the 
theoretical, its relative value depending on the resistance which the 
moving air has to overcome. It appears from an examination of the 
equation that in order to determine the flow of air the height and the cross 
section of the ventilator and the difference in temperature between the 
inside and outside air must be known. On the other hand, from the unit 
of air movement chosen and the difference in temperature likely to 
exist the minimum size of the ventilator can be determined. 

What difference in temperature can be maintained by the heat given 
off by the different animals when the ventilation is sufficient to supply 
:the mmimum amount of air needed is a question which will be considered 
later in its relation to heat emission. 

WATl^R VAPOR AS A MOTlVlg POWBR IN VENtrUAPlON 

The water vapor which the animals give off is tinder ordinary condi¬ 
tions taken up by the moving air and carried off as rapidly as it is formed. 
The addition of tlie water vapor to the air in the stable tends to make it 
lighter than that outside, and this effect serves as a measure of tlie 
influence of water vapor as a motive power in ventilation. 

The higher the temperature of the air the greater is its moisture¬ 
holding capacity. The more moisture the air contains the lighter it is. 
Consequently, the motive power derived from the water vapor is greater 
the higher the temperature of the stable air and the more completely it 
is saturated. 

The quantities of water vapor produced by tlie different animals are 
given later. The motive power derived from the moisture is much less 
than that derived from the heat; and, since its magnitude largely de¬ 
pends on the difference in temperature, it can be considered only as 
secondary in importance. 

PRINCIPLES INVOLVED IN THE PRODUCTION OF HEAT BY ANIMALS 

The function of the animal heat as a motive power for stable ventila¬ 
tion has already been considered. A second function of the animal heat 
is to keep tlie stable warm in 'Cold weather. The optimum tempera¬ 
ture to be maintained in the stable varies' with the kind of animal and 
also with the ration. There exists also a certain relation between the 
heat given off by the,animal and,its thermal surroundings. Tor the 
purpose of estimating approximately the best atable temperature, both 
as regards comfort and economy, it appears desirable to turn, to a 
consideration of the scientific principles involved. 

REGULATION OF BODY temperature 

Tarm, animals, belong to that general class knowm as warm-blooded, 

, animals, whose bodies'during health mamtain a nearly constant tempera- 
ttare '.which us"the resultant of two factors,' thermogenesis,';' or':;the; 
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development of heat inside the body, and thermolysis, the loss of heat 
from the body, principally by radiation and conduction and as latent 
heat of water vapor. The external temperature tends to influence the 
outflow of heat, but the animal is able to regulate it by physical and 
chemical methods. 

There is a certain external temperature, called die critical tempera¬ 
ture, at which the outflow of heat just balances the necessary heat pro¬ 
duction of the animal as a result of internal work. Above this temperature 
the radiating capacity of the body surface is varied to meet the varying 
conditions; below it, this method of regulation is largely exhausted, 
and therefore more or less oxidation of tissue is required to maintain 
the normal temperature of the body. ^ i 

oy- FEED CONSUMPTION ON THE HEAT PRODUCTION AND ON THE 

* criticae temperature 

It is a fact demonstrated by numerous experiments that the con¬ 
sumption of feed results in increasing the heat production of an animaL 
When' an animal is fasting it produces a certain amount of' heat due 
to the vital functions of the internal organs. This is generally termed 
basal, or fasting katabolxsm. When the animal is fed, its heat produc¬ 
tion is increased over that of the fasting state. This increment of heat 
brought about by the consumption of feed has been ascribed to various 
causes, one of which is the expenditure of energy in the digestion and 
assimilation of the feed, often collectively termed ‘‘work of digestion.” 

The more heat the animal produces the more cold it naturally can 
withstand without being compelled to oxidize body tissue in order to 
maintain the normal body temperature. This, in other words, means 
that 'tlie consumption of feed lowei'S the critical temperature, the effect 
varying with the nature and quantity of the feed. Animals fed heavily, 
as in productive feeding, can therefore witlistand more cold, or have a 
lower critical temperature, than animals kept on a simple maintenance 
ration, while the critical temperature of the latter is higher than that 
of the fasting animal, 

effect of now thermae surroundings on maintenance 

REQUIREMENT 

From what has just been said it appears that a ration sufficient' for 
maintenance at a temperature higher than the critical may be insufficient 
for maintenance when the thermal surroundings are lower 'than the 
critical, because of the failure to meet the demand for heat. What the 
critical temperatures of the different farm animals are is therefore a 
'question not only of physiological but also of economic significance. 

, It IS apparent, howeyer, that the critical temperatures of farm animals 
do not; lend themselves to accurate determination. At best they ,are 
.^tuhated:; only^ .appto^xm ' ,A'.nummary ;bf, 'the' results, of ^ diff^ent 
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investigators on tkis subject (5, p. 312) shows that the critical external 
temperatiire for the horse is high as compared with that of ruminants^ 
so that a ration which is suflSicient for maintenance in summer may be 
insufficient in winter. The critical temperature for swine has been like¬ 
wise found to be comparatively high (68° to 73"^ F.), which means that 
exposure to low temperatures may be expected to increase the actual 
maintenaiice ration and the heat production of swine, and this has been 
confirmed by experimental results. On the other hand, tlie results on 
cattle seem to indicate that their critical temperature is rather low 
(much below 56°), which means that cattle can be exposed to lower 
temperatures than horses or swine before their maintenance require¬ 
ment will be affected and their heat production stimulated. 

EFFECT OF now THERMAE SURROUNDINGS ON PRODUCTIVE FEEDING 

a, 

The production of meat or milk implies the consumption of large 
quantities of feed. Since the latter is the source of a large amount of 
heat, due to the “work of digestion,” which has to be removed at a cor¬ 
respondingly rapid rate, it appears that heavy producers are better 
adapted to relatively cold thermal surroundings. Furthermore, since 
it is the aim in feeding such animals to induce tliem to eat as much 
feed as can be economically converted into useful products, it seems 
desirable, on the one hand, that the thermal surroundings should be 
low in order to maintain the appetite of the animals and, on the other, 
not so low as would cause wasteful oxidation for simple heat production. 

The question whether winter feeding for fattening can be accom¬ 
plished to better advantage in the stable than in the open shed has 
interested many investigators, and a considerable amount of experi¬ 
mental work is on record. The results (i) show in general that cattle 
are best adapted to exposure—that is, they produce as good results when 
exposed as when stable fed. Swine are least adapted to exposure, the 
gain of the animals exposed to severe weather being frequently negative, 
while sheep seem to take an intermediate place. These results are in 
full harmony wi'th the findings given above as i*egards the critical temper¬ 
ature. Less decisive results have been obtained with dairy cows, but 
it appears fairly w»'ell established that for well-fed animals the need for 
warm stables has been somewhat overemphasized. 

OPTIMUM STABEE temperature 

Both theoretical considerations and the results of experience show 
that a certain excess of heat production over that absolutely required 
to maintain the body temperature is likely to be advantageous, both by 
promoting the comfort of the animal and, as providing a margin of safety. 
(Jn the other hand, an unnecessarily high temperature tends to affect 
the. appetite and general health of 'the animal. From this it. follows that 
the'best thermal surroundings for animals lie between., these limita— 



350 


Journal of Agricultural Research 


Vol XXI, No. S 


namely^ somewhat above the critical point, but not so much as to affect 
the appetite and thrift. These limits, evidently, will vary with the 
species of animal and with the amount and character of tlie ration. The 
best temperature surroundings for animals being fed high, according to 
King, are likely to lie between 45^ and 50° F., while for animals on a 
maintenance ration, the best temperatures may be between 55'^ and 65*^. 
For dairy cows having large udders only scantily clothed with hair and 
through which much blood must how, a temperature as high as 50"^ to 
60° is considered as probably the best. 

Whether the heat eliminated by animals is sufficient to maintain in 
the stable approximately these temperatures in cold weather when the 
air movement is at the proper rate will be considered on subsequent 
pages. 

method op computing heat production 

The discussions of the foregoing paragraphs make it evident that the 
heat produced, by an animal may be regarded as the sum of two factors, 
first the' necessary internal work due to the vital activities of the internal 
organs and, second, the ''work of digestion.*' The first gives rise to an 
amount of heat equivalent to the fasting katabolism, which varies with 
the species and size of the animal, while the second gives rise to an incre¬ 
ment of heat due to feed consumption, which varies with the character 
and quantity of the ration. It is clear, then, that no single standard 
value can be assumed as representing even approximately the heat pro¬ 
duction of any species. 

When the fasting katabolism of an animal and the heat increment 
due to the feed eaten are known, it is evident that tlie total heat produced 
by the animal can be computed by simple addition. Experimental data 
are available from which it is possible to estimate more or less accu¬ 
rately the fasting katabolism of farm animals according to their live 
weights, and also the increment of heat due to the ration feed. These 
data have been used as the general basis for computing the heat produc¬ 
tion. The details of the method are best illustrated by the computation 
on subsequent pages of the heat production of dairy cows. 

ACCURACY OF THE COMPUTATIONS 

The reader should beware of being led by tlie apparently very exact 
figures of the tables on succeeding pages to ascribe to tliese data a greater 
degree of accuracy than they really possess. 

In the 'first place they represent specific cases assumed to be more or 
less typical. The actual production of heat, carbon dioxid, and water by 
a given species will show wide variations from stable to stable, and in 
the same stable from time to time, according to the size of t|ie 
animals, their degree, of' activity, and especially the' amounts of feed 
which they consume. 
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In the second place, it is by no means intended to assert on page 354, 
for example, that every Jersey cow weighing 750 pounds and yielding 
20 pounds of 5 per cent milk will produce exactly 16,313 calories of total 
heat. The computations have been made on the basis of average results 
from which those on an individual animal may vary considerably. This 
is especially true of the fasting katabolism. Moreover, the computations 
have been carried out to the nearest whole calorie so as to record the 
exact results of the calculation. In view, however, of the many possibili-' 
ties of experimental error involved, it seems very questionable whether 
the last three digits are significant. Probably an estimate to the nearest 
thousand calories—^that is, to one therm—^would be all that is justified 
and would be sufficiently accurate for the discussion of all ventilation 
problems. 

HEAT PRODUCTION OF CATTLE, 
fasting eovtabolism 

The data for tlie^ fasting katabolism of cattle, although obtained by 
indirect methods and not by actually starving the animals, are more 
trustworthy than those for any other species of farm’ animals for the' 
reason that they are more abundant, are concordant, and are based 
largely on experiments with the respiration calorimeter by means of 
which direct determinations of the heat production were made. In 
these experiments the animal is usually fed two different amounts of the 
same feed, and the effect of this on the heat production—that is, the 
decrease of heat production per pound decrease of feed—^is determined. 
From this it is estimated how much heat would be produced if all the feed 
were withdrawn—^that is, if the animal were reduced to the fasting state. 

The average given by Armsby ,(j, p. 711) for the fasting katabolism 
of cattle per 1,000 pounds live weight is 6 therms, or 6,000 calories, and, as 
the fasting katabolism of animals of the same species has been found to 
be approximately proportional to the two-thirds power of their live 
weight, that of cattle is computed accordingly. Table I gives the fasting 
katabolism of cattle according to their live weight in terms of calories. 


Tabl^ I .—Fasting katabolism of cattU 


Live weight, 

Calories, per 
head. 

Live weight. 

Calories, per 
head. 

150 

I, 690 

1,000 

6,000 

6,960 

250 

2,380 

1,250 

500 

7S0 

I, 500 

7, S60 

750 

4 i 950 




heat increment due to the consumption of feed by cattle 

'Jhe^ energy expended by cattle in the increased body activities con¬ 
nected'with the'digestion and assimilation of many feeding stuffs have 
been determined' directly by varying the amount of the feeding, stuff in 
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the ration and by determining the heat production. From a comparison 
of two determinations the heat increment caused by a poimd of feeding 
stuff can be determined. The data for the heat increment caused by 
different feeding stuffs are average figures computed by Armsby and 
Fries (4^ 5) from the results of their own experiments and those of Kellner 
and Kohler {11,12,13) on beef cattle and are given in Table II in calories 
per pound of dry matter. The corresponding figures for dairy cows 
would probably be somewhat less, but how much less has not yet been 
determined. 


TabIU II .—Increment of heat production by cattle per pound of dry matter consumed 


Feeding stuffs. 

Experimenters. 

Energy 

expendi¬ 

ture. 

Rov^age: 

Tiniothy hay. 

Armsby and Pries. 

Calories. 

354-7 

441.3 

422.7 
444*5 
530*3 

474*0 

568.8 

434. 

483.1 

397.8 
460.0 

516.2 

526.2 

553.3 

619.2 
533*9 

443-6 

S 47-9 

456.8 

525-7 

448.2 

566.1 

783-4 

950.8 

R€:d clovff hay . 

.do... 

Do."... 

Kellner and Kohler. 

Mixed Iia^'. 

Armsby and Pries. 

Alfalfa liay. 

.do... 

“Grass hay*’. 

Kellner and Kohler.. 

Meadow hay. 

.... .do.... 

Rowen. 

.do. 

Com stover....... 

Armsby and Pries.. 

Baxley straw. 

Kellner and Kohler... 

Oat straw. 

.do.... 

Wheat straw. 

....do. 

Straw pulp. 

.do. 

Concentrates: 

Com meal. 

Armsby and Pries. 

Hominy chop. 

.. .do. 

Wlieat bran... 

.do. 

Cottonseed meal... 

Kellner and Kohler. 

Linseed meal. 

....do. 

Palmnut meal. 

.do..... 

Peanut meal..... 

.do. 

Beet molasses. 

... .do. 

Starch... 

.do... 

Peanut oil... 

.... .do.... 

Wheat gluten..... 

.do... 




In its relations to stable ventilation the computation of tlie heat pro¬ 
duction of cattle is of special interest in the case of dairy cows, since in 
cold climates these animals are almost always stabled during the winter’ 
while beef cattle are quite commonly fed in the open. The computations 
for cows are therefore given in considerable detail in the following para- 
,graph^s. , 

"" , ryPICAU WniGHtS and jrations on dairy cows 

Obviously, no single value can be given for the heat production of the 
dairy cow,,since it varies widely according to the size of the animal and 
,the amount, of feed conS'Umed, All that is possible is to select certain 
typical,, live weights-and rations and, bo'Compute the corresponding heat 
production.' as illustrations,;:of ffie" ntethod in. its^ 'application ‘tp specific 
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casesj such as may be found in good practice. The typical weights and 
rations upon which the computation of the heat emission by dairy cows 
has been based are those suggested, at the request of Ivir. Clarkson, by 
Prof. C. H. Eckles, of the University of Minnesota. 


Table III.— Typical live u'eights and ralioiis 


Breed. 

Live j 
1 -weight, j 

i 

Daily milk yield. 

Daily ration. 

! 

1 Pounds. 

Percentage 
of fat. 

Com 

silage. 

: 1 

i Alfalfa 
hay. 1 

Grain 1 
mixture.*’ i 

Additictfial 

linseed 

meal. 


Pounds. 


1 

! Pounds. 

Pounds. 

Pounds. ; 

Pounds, 

Jersey. 

900 i 

20 i 

5.0 

30 

s 

6 ! 


Do. 

900 ! 

30 1 

5.0 

30 

8 

9 i 

I 

Holstein. 

1,2 SJO 

^0 i 

7 . c; 

40 

10 

6 1 


Do. i 

^ 1 ~ J'.' 

1,250 

45 

0 0 

3-5 

40 

10 

1 

10 ! 

1 ^ 


» Composed of ground com 4 parts, Tvlaeat bran 2 parts, linseed meal i part. 


COMPUTATION OP THE HEAT PRODUCTION OE DAIRY COWS 

To compute, for example, the daily heat production by the typical 
Jersey cow giving 20 pounds of milk daily, it is only necessary to add 
to the fasting katabolism of a cow weighing poo pounds the heat incre¬ 
ment due to the ration consumed. According to Table I the fasting 
katabolism of a cow weighing 1,000 pounds is 6,000 calories, while that 
for one weighing 750 pounds is 4,950 calories. From these figures the 
fasting katabolism of a cow weighing 900 pounds may be estimated wth 
sufficient accuracy by simple proportion as being 5,580 calories per day. 

It remains to figure out the heat increment caused by the consumption 
of feed. By using the average percentages of dry matter in the feeds as 
given in Henry and Morrison's tables (10) it is found that the amounts 
of dry matter contained in the ration are; 


In com silage.^. 7.9 pounds. 

In alfalfa hay. 7.3 pounds. 

In grain mixture... 5-4 pounds. 


Since the gx'ain mixture consists of 4 parts of com, 2 parts of wheat bran, 
and I part of linseed meal, the heat increment per pound of dry matter 
of the grain mixture (Table II) is: 

i/7(533-3X44‘533-9X2+547-9Xi)^564.i calories. 

The heat increment per pound of dry matter of alfalfa hay is 530.3 
calories, and that of com silage is assumed to be 483.x calories—^that is, 
the figure corresponding to com stover—since no figure for com silage is 
available. From these figures the total heat increment caused by ^ the 
ration is obtained as follows: 

Com silage.....4%. 1 X 7 * 9== 3? calories* 

^ Alfalfahay...sXp3= 3>S7i valories. 

Grain mixture. .$%• 3:X5* 4~ 3i ^4^ calories, ; ' ' ■' ^ 

Total heat increment..... 10,733 calories,■'': -i,/ ^ 
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Adding to this the fasting kataboHsm of the Jersey cow^ 5^5^^) calorieSj, 
gives the total heat production per day as 16,313 calories. 

Compiited by this method, the total heat production by the cows per 
day per head is shown in Table IV, 


Tx\bi,J5 IV.— Total heat production by typical cows per day per head 


Animal. 

Calories. 

Jersey cow produrinp" 20 poimds of millc... 

16,313 

18,273 
19.905 

22,372 

Jersey cow producing 30 pounds of milk. 

Holsteiti cow producing 30 pounds of milk . 

Holstein cow producing 45 pounds of milk. 



H^^AX GIVnN OFX BY RAMAXION AND CONDUCTION AND AS UAXENX HEAT 

OR WATER VAPOR 

The heat emission as computed above includes that given oiff by radia¬ 
tion and conduction and the latent heat of the water vaporized. The 
latent heat of water vapor, however, can hardly be regarded as available 
for ventilation purposes, inasmuch as under average conditions there is 
no considerable accumulation of condensed water, the water vapor 
being removed from the barn as rapidly as it is produced by the animals 
so that there is little chance for its latent heat to be liberated. 

^ From the experiments on cattle with the respiration calorimeter it 
has been found that except on very heavy rations the latent heat of water 
vapor constitutes approximately 25 per cent of the total heat given off, 
while about 75 per cent is eliminated by radiation and conduction. On 
this basis, the heat emission by radiation and conduction and as latent 
heat of water vapor per day per head for cows has been computed 
(Table V). 


Table V, —Heat given off by radiation and conduction and as latent heat of water vapor 
per day per head by typical cows 


Animal. 

Heat 

emission 

radiation 

and 

conduction. 

heat 

of 

i water 
: vapor. 

Jersey cow producing 20 pounds of milk.. 

Catories. 

3^2,235 

13 > 70s 

14,929 

16.779 

CahrkSi. 

4,078 

4,568 

4,976 

S,S 93 

Jersey cow producin]^ 30 pounds of milk... 

Holstein cow producing 30 pounds of milk. 

Holstein cow producing' 45 pounds of milk... 



WATER VAPOR PRODUCED BY COWS 

^ ' The computation of the amount of water vapor produced by an ani¬ 
mal when'„1ie latent heat of the water vapor is known is a very simple 
; 'matter. The latent, heat of' i' gm, of water vapor is 0.587 calorie. By 
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dividing, therefore, the calories of latent heat of water vapor by 0.587 
the number of grams of water vapor produced is obtained. In the 
foregoing cases the computed amounts per day and per head are' as 
shown in Table VI. 

TABi<n VI .—Water vapor produced by typical cows per day and per head 


Animal. 

Water vapor. 

Jersey cow producing 20 pounds of milk.. 

Gm. 

6 ,947 
7, 782 
8,477 
9, 528 

Jersey cow producing 30 pounds of milk. 

Holstein cow producing 30 pounds of milk. 

Holstein cow producing 45 pounds of milk. 



CARBON BIOXID PRODUCED BY COWS 

Since carbon dioxid is a product of combustion, however slow it may 
be, within the animal body, it is natural to expect that a more or less 
definite relation between the heat production and the output of carbon 
dioxid must exist. From the accumulated data of the heat emission 
and carbon dioxid production by cattle determined directly by means 
of the respiration calorimeter at this Institute, the relation of the car¬ 
bon dioxid produced to the heat given off has been very recently estab¬ 
lished by Armsby, Fries, and Braman (6), who, on comparing the daily 
output of carbon dioxid and the heat production by steers and cows 
for 188 separate days, found that in each case the ratio of the carbon 
dioxid produced in grams to the total heat emission in calories was very 
close to I to 2.5, or 0.4, the mean ratio being i to 2.495. By making 
use, of this factor the amount of carbon dioxid produced by cows'in 
grams is computed by simply multiplying the calories of dally heat, 
emission by 0.4. 


Tabbi^ VII .—Carbon dioxid produced by cows pet day and per head 


Animal. 

1 Carboa dk«id. 

Jersey e^w producing 20 pounds of milk... 

Gm> 

6. S2S 
7 , 8°9 
1,962 
8,949 

Jersey cow producing 30 pounds of milk..... 

Holstein cow producing 30 pounds of milk..... 

Holstein cow producing 45 pounds of milk..... 


HEAT PRODUCTION OF COWS ON MAINTENANCE 


The daily maintenance ration of cattle has been computed by Armsl)y 
(2)'' from a number of experiments in terms of metabolizable energy, 
which in tliis case, also tepres,ents the total heat productio'ii, 10,500 
calories being the average per 1,000 pounds' live weight. This, coni- 
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puted ill proportion to the two-thirds power of the live weight, gives 
9,788 and 12,184 calories, respectively, as the daily total heat produc¬ 
tion on niamtenance by the Jersey and Holstein cows of the assumed 
weights. The heat emission by radiation and conduction, the water 
vapor, and the carbon dioxid produced by cows on maintenance have 
been computed by the methods just described and are included in the 
summary of the results of the computations on dairy cows in Table VIII. 


TABrn VIII.— Heat, water vapor, and carbon dioxid produced by typical cows per day 

and per head 


Animal, 

Total heat 
emission. 

Heat emis¬ 
sion by ; 
radiation 
and con¬ 
duction. : 

Talent 
heat of 
water 
vapor. 

Water 

vapor. 

Carbon 

dioxid. 

Jersey cow producing 20 pounds 

Calorics, 

Calories. 

Calories, 

Gni. 

Gm, 

of milk. 

16,313 

12, 23s 

4,078 

6,947 

6,52s 

Jersey cow producing 30 pounds 






of milk. 

18,273 

13.70s 

4,568 

7,782 

7.309 

Holstein cow producing 30 pounds 


of milk. 

19. 9 °S 

14,929 

4,976 

8 ,477 

7 .96a 

Holstein cow producing 45 pounds 



of milk. 

22,372 

16,779 

S. 593 

9. 528 

8,949 

Jersey cow on maintenance. 

9, 788 

7.341 

2,447 

3>046 

4, 169 

3.91S 

4,874 

Holstein' cow on maintenance. 

[ 12, 184 

9 > 138 

S. 189 


HEAT PRODUCTION OF HORSES 
HEAt increment due to THE CONSUMPTION OF FEED 

While the general principles of the computation of the fasting katabo- 
lism of horses are essentially the same as for cattle, the computation of 
the heat increment due to the consumption of feed is a much more 
complicated process. The reason for this lies in the fact that no calori¬ 
metric experiments for the direct detennination of tlie heat production 
and of the balance of energy have been made with horses, and conse¬ 
quently an indirect method of computation of the? heat increment has to 
be resorted to, which involves many estimates and calculations*^--- 
From the results of their experiments, Zuntz and Hagemann {18) 
estimate that the metabolizable energy of the feed of a horse equals 1,796 
calories per pound of digestible nutrients; and they assume, on the basis 
of Magnus bevy's experiments on man, that' 9 per cent of the metaboliza¬ 
ble energy of the digestible nutrients consumed by a horse is converted 
into heat in the process of .digestion. They furthermore compute from 
the results of thehr own experiments that each pound of total crude fiber 
.consumed increases,the heat production by 1,202 calories additional, so 
that the total heat increment due to consumption of feed by the horse 
is ^'the sum of 'these two amounts. It is obvious, that .this method jyi 
computation .necessitates a knowledge of the digestibility and of the 
total crude fiberi'content of theieed-' 
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To illustrate the method of computing the heat increment due to the 
consumption of feed, that caused by a pound of oats is calculated as 
follows, the digestible nutrients being those given in Biiiletin i86 of the 
Kansas Experiment Station (15), with the exception of tliose for clover 
hay, which are taken from Henry and Morrison^s tables (jo), from 
which have also been obtained the data for total crude fiber. 


Digestible mitrients of oats 


Protein. 0.107 pound. 

Carbohydrates. 0.503 pound. 

Fat (3.8X2.4). 0.092 pound. 

Total. 0.702 pound. 

Total crude fiber..... 0.109 pound. 

Metabolizable energy.1,796 caloriesX0.702=1,260.8 calories. 


Heat increment 

9 per cent metabolizable energy. 1,260.8X0.09 =113.5 calories. 

Additional for crude fiber. 1,202 Xo. 109=131. o calories. 

Total heat increment.244.5 calories. 

The heat increment caused by other feeding stuffs has been computed 
in a similar manner. 

FASTING KATABOLISM 

The total heat production of the horse was estimated by Zuiitz and 
Hagemann {18) from the respiratory exchange detemiiiied by means of 
a respiration apparatus for short periods after the consumption of differ¬ 
ent rations. From a comparison of tlie results and by^ the indirect method 
of computing the heat increment due to tiie work of digestion which has 
been illustrated they have computed the average fasting katabolism of 
the horse to be 4,100 calories per 1,000 pounds live weight. In propor¬ 
tion to the two-tliirds power of the live weiglit the fasting katabolism 
of horses, as computed by Armsby, is given in Table IX. 


TABrn IX.—Fasting katabolism of horses 


nive weiKiJt. 

Pasting katab¬ 
olism per 
head. 

Live wdgbt. 

Pasting katab¬ 
olism per 
head. 

150 , 

Calories. 

1,160 

1,000 

Calories. 

4,100 
! 4,760 

250 

1,630 

1,250 . 

500 

2,580 

1,500 

5 » 37 o 

750 

3»390 




TYPICAL WISIGHTS AND RATIONS OP HORSES 

As examples of typical live weights and rations for horses upon which 

to base the computation of the heat production of these animals the 
following, suggested, at the request of Mr. Qarkson, by J. b. Edmonds, 
of the Ilhnois College of Agriculture, have been used. ^ ^ ^ 
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Daily ration for light horses that get only about enough exercise to 
keep them in good condition per i,ooo-'pound horse: 

8 potuids of oats. 

2 pounds of wheat bran. 

10 pounds of timothy hay. 

Daily ration for 1,500-pound geldings at moderate work: 

9 potinds of oats. 

9 pounds of ear com. 

7X pounds of timothy hay. 

j}i pounds of clover hay. 

rOXAh BMAT PRODUCnON 

The total heat increment due to the ration fed, computed in the manner 
described, plus the fasting katabolism of the horse, gives the total heat 
production of horses of the weights and consuming the rations just 
specified when performing no work. The heat production is, of course, 
greatly increased during work, but plainly this additional heat is not 
ordinarily available as motive power for ventilation. 


TabIvIS X.— Total beat production per day and per head by typical horses at rest 


Animal. 

Dive 

weigrht. 

Heat. 

Eight horses..... 

Pmnd-s. 

1,000 

1,500 

Cahries> 

10,853 

14.83s 

Heavy'" work horses...... 



HJEJAT :^MlSSlO]Sr BY RADIATION x\ND CONDUCTION, WATER VAPOR, AND 
CARBON DIOXID PRODUCED BY HORSES 

On the assumption that approximately the same relation exists as in 
the case of cattle between the total heat emission and the latent heat of 
water vapor and between the heat and the carbon dioxid produced by 
horses, a computation was made of the heat given off by radiation and 
conduction, the latent heat of the water vapor, the amount of water 
vapor, and the amount of carbon dioxid produced by horses. The method 
described above for cows was used, and the results are shown in Table XI. 


Tabi^E XI.— Heat emission by radiation and conduction, water vapor, and carbon dioxid 
produced per day and per head by typical horses at rest 


Animal. 

Dive 

weisrht 

Heat emis¬ 
sion by 
radiation 
and con¬ 
duction. 

Datent 
beat of 
water 
vapor. 

Ainoimt of 
water 
vapor. 

Carbon 

dioxid. 

Eight horses..... 

Pounds. 

1,000 

1,500 

Cutorks, 

8,140 

11,126 

Catoriis, 

2,713 

3.709' 

Gm, 

4,622 

6 . 3*9 

Cm, 

4; 341 
5 >; 934 ' 

'' Heavy ' work horses. . 
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HEAT PRODUCTION OF SWINE 
FASTING KATABOUSM 

The fasting katabolism of swine has been determined independently 
by Meissl {16) and by Tangl (17) by starving the experimental animals 
for comparatively short periods and measnring the katabolism by means 
of a respiration apparatus. The average of their results, computed per 
100 pounds in proportion to the two-thirds power of the live weight, is 
1,250 calories. The fasting katabolism of swine, computed according 
to their live weight, is given in Table XII. 


TAsrU XII.— Fasthig katabolism of swine 


Dive weight. 

Fasting katab¬ 
olism per head. 

Dive weight. 

Fasting katab¬ 
olism per head. 

Pounds, 

Calories. 

Pounds. 

Calories, 

25 

496 

300 

2,599 

50 

786 

400 

3,149 

100 

1,250 

450 

3,406 



600 

4,126 

200 

1,984 




HEAT INCREMENT DUE TO CONSUMPTION OF FEED BY SWINE 

The data regarding the increment of heat production consequent on the 
consumption of feed by swine are rather meager. Of these, the results 
of several investigators on grains and on a mixed ration consisting of 
rice, flesh meal, and whey, as reported by Armsby (j, p, 656), are com 
sidered trustworthy; and the average of these, 417 calories per pound of 
dry matter eaten, is taken to represent the energy expenditure by swiue. 

RATIONS FOR SWINE 

The rations and live weights of the animals, upon which the computa¬ 
tion of heat emission by swine has been based, are those furnished at the 
request of Mr. Clarkson, by Prof. J. M. Evvard of Iowa Experiment 
Station. The weights of the animals and the daily feed eaten, reduced 
for convenience to dry matter, are the following: 


Class. ^ 

Weight. 

Dry matter 
of daily '■ 
feed eatei. 

j 

Suckling pig. ..... ' . 

25 

Pounds, 

I. 29 

Weanling pig. ... 

SO 

2 . X 5 

Shote, young ..... 

100 

3-44 

Shote, well-grown . 

X50 

6.02 

Fattening hog .... . ■ ... ■ . 

200 

1 ’ ' 7 * 74 

Farrowing hog ........ 

'300 

i , 6.8S 

Breeding gilt ........... 

300 

, 3^44 

Breeding yearling sow^ ...... 

400 

; 4 * 3 <^' 

B^s^eding old sows, year or over. .. ' . 

500 


Breeding t»ar, young. .... , ... 

' '300 


Breeding boar, yearling* ....—........ 

' '4SP' 

: / 

Breeding boar, oM. 

^. 600 

6, 02 
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TOTAI. HEAT PRODUCTION OR SWINE 

Since 417 calories represent the increment in heat production by swine 
per pound of dry matter eaten, the heat increment caused by the cori« 
sumption of feed by swine is computed on the basis of the foregoing 
estimates by simple multiplication. To this the fasting katabolism of 
the animal as found in Table XII is added, and the total heat production 
is thus obtained (Table XIII), 


Tabc^ XIII. — Total heat production of typical swine 


Animal. 

Live 

weight. 

Total heat 
emission. 

pig... 

Pounds. 

25 

' 100 

150 
200 
300 
300 
400 
Soo 
300 
450 1 
600 

Calories^. 

1,034 

1, 684 

2, 6S4 
4,147 

5,46s 
4,033 
4 j 942 
5, S06 

4,033 

6,636 

pip". 

ynumcr.... 

well-grown.. 

fattening hog...'. 

T'arro'wiiig hog. 

Breedinig gilt........ 

Breeding yearling sow. 

Breeding old sow... 

Breeding boar, young... 

Breeding boar, yearling..... 

Breeding boar, old. 



HEAT EMISSION BY RADIATION AND CONDUCTION, WATER VAPOR, AND 
CARBON DIOXID PRODUCED BY SWINE 

Table emission by radiation and conduction^ water vapor, afid carbon 

dioxid produced by typical swine per day and per head 


AniniaL 

Live. 

weight. 

Heat emis¬ 
sion by ra¬ 
diation and 
conduction. 

Latent heat 
of water 
vapor. 

Amount of 
water 
vapor. 

Carbon 

diocfcid. 

Suckling pig. 

Pounds. 

25 

Calofief. 

776- 

Calories. 

2S9 

Gm. 

441 

Gw, 

414 

Weanling pig. i 

50 

i, 263 

421 

717 

674 

Shote, young. 

100 

2,013 

67 X 

h 143 
1.767 

1,074 

Shote, weibgrown. 

150 

3, no 

1,037 

1, dS 9 

Fattening hog. 

200 

3,908 

b 303 
1,367 

2, 220 

2, 084 

Farrowing hog. 

300 

4,104 

2, 329 

2, X87 

Breeding gilt... 

300 

3,025 

1,008 

i, 7 W 

I, 613 

Breeding yearling sow. 

400 

3, 707 

1.235 

2,104 

3:, 977 

Breeding old. sow'. 

500 

' 4,355 

1.451 

2,472 

2,32a 

I, 613 

Breeding boar, young. 

300 

3,025 

1,008 

1, 7 W 
2,366,'! 

Breeding boar, yearling. 

450 

1 4,169 

h 389 

2, 223 
2, 654 

Breeding boar, old. 

600 

i 4,977 

1.659 

2,826 


, The; results of^ experiments'on man (7) indicate that the heat emission 
by radiation and conduction is on the average not far from 75 per cent of 
the, total' heat emission,"and that .the relation of, the carbon dioxid produc- 
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tion to the total heat production is likewise about the same as in cattle. 
The apparent agreement of these relationships between two so widely 
different species leads to the assumption that the results are, at least for 
this purpose, applicable also to swine. By using, therefore, the method 
of computation previously described for cattle, the heat emission by 
radiation and conduction, the latent heat of water vapor, the amount of 
water vapor, and the amount of carbon dioxid produced by swine are 
obtained. 

HEAT PRODUCTION OF SHEEP 
FASTING KATABOtlSM 

No direct deteiuninations of the fasting katabolism of sheep are on 
record. From the rather scanty data regarding the maintenance ration 
of sheep available Armsby (j, p. jii) has computed by an indirect 
method, based on results with cattle, the fasting katabolism of sheep 
weighing 100 pounds to be 791 calories, and in proportion to the two- 
thirds power of live weight as given in Table XV. 


TablF XV .—Fasting katabolism of sJicep 


Live weight. 

Fasting 
katabolism 
per head. 

Hive weight. 

Fasting 
katabolism 
per head. 

Pounds. 

Calories. 

Potinds. 

Calories. 

20 

270 

120 

890 

40 

430 

140 

990 

60 

560 

160 

I, 090 

80 

680 

180 

I, 170 

100 

791 

0 

0 

1,250 


^ HEAT INCREMENT DUE TO CONSUMPTION OF FEED 

No determinations of the increment of heat due to the consumptioii 
of feed by sheep have been reported, but it appears probable that the 
results obtained with cattle (Table II) may be applied to sheep without 
very serious error. 

RATIONS FOR SHEEP 

The average rations and live weights upon which the coiiipiitation 
of the heat emission by sheep is based were taken from several sources. 
For fattening lambs, the average ration and live weight given by Henry 
and Morrison (10, p, 5^1) in their summary of the results on sheep of 
several different experim,ent stations were used as an example. B"or 
breeding ewes, the average ration and live weight given by Hackedorn 
(9) *.was used. The, average ration for maintenance was taken from 
Bulletin 143 of the Bureau of Animal Industry, United States Depart- 
ment'.of Agriculture (2), the ration being given in tenns of metaboIteaWe' 
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energy^ which in a mainteiiaiice ration also represents the heat pro- 
dtiction. The respective live weights and rations per head in the two 
other cases are as follows: 

Fattening lambs, average live weight 81.4 pounds— 

Shelled com, 1.3 pounds. 

Alfalfa hay, 1.4 pounds. 

Breeding ewes, average live weight 90.3 pounds— 

Shelled com, 0.27 pounds.' 

Wheat bran, 0-14 pounds. 

Linseed meal, 0.05 pounds. 

Clover hay, 2.08 pounds. 

Silage, 2.09 pounds. 

TOTAL HEAT PRODUCTION OP SHEEP 

By’ applying to the foregoing rations the estimates and assumptions 
of the two preceding paragraphs, the total heat emission for sheep may 
be computed, and from that the heat emission by radiation and conduc¬ 
tion, the latent heat of water vapor, the amount of water vapor, and the 
amount of carbon dioxid produced, exactly as for the other species* 
The results are as shown in Table XVI. 


Tabi^E XVI. —Meat emission, water vapor, and carbon dioxid produced by typical sheep 

per day and per head 


Animal. 

Average 1 
live 
weight. 

1 

Total i 
heat 

etmssion. ' 

Heat 
emission 
by radia¬ 
tion and 
conduction. 

patent 
heat of 
water 
vapor. 

Water 
vapor, j 

Carbon 

dioxid. 

Fattening lambs. 

Pounds. 
81. 4 
90,3 
loo. 0 

Calories. 
2,044 
2,021 

1 1,483 

1 

Calories. 

LS 33 

h S16 

1,112 

Calories. 

SIX 

505 

> 37 ^ 

Gm. 

871 

860 

Gm. 

' 818 

Breeding ewes 

808 

Sheep on maintenance.. 

632 

I 593 

i 


VENTILATION AND STABLE TEMPERATURE ^ 

The method employed by King to compute the rate of air flow for the 
different species has been given in an earlier paragraph of this paper. It 
was also shown that, assuming average figures for the pei'centage of car¬ 
bon dioxid in the air coming from the lungs and in pure air, respectively, 
the air flow thus computed corresponds to 0.167 volume per cent of 
carbon dioxid in the stable air. Taking 0.167 cent carbon dioxid as 
a standard, we have computed Table XVII, showing the rate of air flow 
that'will be required to maintain this standard of purity when based on 
the, average computed carbon-dioxid production by the different species 
in the examples shown in Tables VII, XI, XIV, and XVI. The last 
column in the table, giving King's figures for the air flow, has ■ tfeen 
, inserted ior_the sake; of comparison. '' 
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Tabi,]® flow per head to maintain o,i 6 j pet cent carbon dioxid 


Species. 

Carbon dioxid pro- 
duced per day. 

Air flow 
per day. 

Air flow 
per liour. 

Air flow 
per hour 
accordini? 
to King, 

03 WS.... 

Gm. 

« 7, 686 
5 .138 

I, 708 

740 

Cu.ft. 
138.348 
92.484 
30. 744. 
13.320 

1 

Cu.ft. 

82,843 

55,379 
18,410 

7.976 

Cu.ft. 

3.452 

2.307 

767 

Cu.ft. 

3 . S 4 S 

Horees....... 

Swine. 

E 394 

000 

Sheep... 





a Average carbon-dioxid production by cows in milk, 

A glance at the last two columns of Table XVII reveals that while 
King's air flow for cows agrees fairly well with that computed from tlie 
carbon dioxid produced, those for other species differ very widely. In 
other words, either King's figures for volume of respiration in other species 
’diaii cattle are too high or his assumption of a uniform percentage of 
carbon dioxid in the expired air is erroneous. At any rate, the actual 
carbon-dioxid production would seem to be the proper basis upon which 
to estimate the rate of ventilation required. 

TEMPERATURE DIFFERENCE BETWEEN THE STABEE AND OUTSIDE AIR 

As already shown, a considerable part of the motive power for stable 
ventilation is derived from the heat eliminated by the animals, and 
this heat is also depended upon to maintain the proper temperature in 
the stable. Obviously, the difference in temperature tliat can be main¬ 
tained between the stable air and that outside depends, other things 
being equal, upon the balance between heat production and heat loss in 
ventilation. The maximum value of this difference can be computed, 
when the rate of the air flow and the heat production values are known, 
on the assumption tliat no heat is lost by radiation through tlie walls of 
tlie stable. It should, however, be borne in mind tliat it is only the, heat 
eliminated by radiation and conduction that should be made tlie basis 
of the computation, since the latent heat of water vapor, as already ex¬ 
plained, is not available for this purpose, 

method of estimating the temperature difference ' 


Assuming for tlie purpose of illustration an air movement correspond¬ 
ing on the ,one hand to King's standard and on the other hand to the 
amounts computed in Table XVII.from the carbon-dioxid production, 
the temperature difference that can be maintained by the different 
animals can be determined in the following manner: One calorie of heat 
can raise the temperature of a pound of water about 4® F, Since the 
specific heat of air is 0.237 and since 100 cubic feet of air weigh S pounds, 
calorie of heat can raise the temperature of 100, cubic feet, of" air 


0,237 ,XS^ 


or" 


Cons,equentl)r the heat .required to,,warjn vby;.v,if., 
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the daily volume of air per head required by King’s standard or that 
computed in Table XVII from the carbon-dioxid^ production is: 


Species. 

By King's 
standard 

By otir 
estimates. 


Calories. 

405 

492 

159 
104 

Calories. 

394 

264 

88 

38 

Horses.. 

Swine. 

Sheep.. 



Supposing now that all the heat eliminated by the animals by radia¬ 
tion and conduction is imparted to the air passing into and out of the 
stable—^that is, assuming that no heat is lost by radiation through the 
walls of the stable—^this heat is capable of maintaining a temperature 
difference in degrees Fahrenheit equal to the daily heat emission per 
head by radiation and conduction divided by the figures of the foregoing 
table. 

MAXIMUM tEMPE)Ri\TURB DIFFERENCE MAINtAINED BY THE DIFFERENT 

SPECIES 

By the method just described and by the use of the corresponding 
heat elimination values a calculation has been made of the maximum 
average difference in temperature between'the stable and the outside 
air that can be maintained by the animal when King’s {14) standards 
for ventilation or those computed from the carbon-dioxid production in 
Table XVII are used. This calculation is given in Table XVIIL 

Tabi^E XVIII .—Average temperature difference maintained by animals 


# 




At^cra^je temperature 
difTerencc. 

Species. 

Average 

live 

weight. 

Cofre.st}f;)nd" 
ing to 
air iiow 
computed 
by King, 

Correspoitd- 
tug to 
air How 

1 computed 
; from 
carl>on- 
dioxid 
! produc¬ 
tion. 

Cows<^ . ..... . . 

Pounds. 

I. 07 C 

°F. 

35-6 

Tp. 6 

3 ^* 58 
36. 49 
36.40 
36. 50 

3 EJorses.. 

I 2 <0 

Swine....... 

4 . j .e. 

280 

20. 0 

Sheep. ... 

12. 'X ' 


1 yj. 



» The avcsmge heat emissloo. fey radiatioM, and cxmdticticm. by com in milk were ttsed for the computaticwa. 


On the basis of the average figures for the temperature differepce 
given above. Table IXJX has been computed, showing approximately 
the temperatee of the stable when y enters at different temperatures. 











June 1,1921 


Some Fundamentals of Stable Ventilation 


365 


first, at the rate recommended by King, and second, at the rate com¬ 
puted by the writers (Table XVII, columns 6 and 5, respectively). 


TabI/^ XIX .—Temperature in stable as compared with that outside 


Temperature of outside air. 

Temperature of air in stable. 

Corresponding to King's figures for ventilation. 

Correspond¬ 
ing to 
air How 
given in 
Table 

xvn. 

column s. 

Cow. 

Horse. 

Swine. 

Sheep. 

All species. 


°F. 

^F. 

°F. 

°F. 

°F. 

— 20 

15. 6 

-0.4 

0 . I 

-6. 7 

16,5 

— 10 

25.6 

9.6 

10 . I 

3-3 

26. 5 

0 

3S-6 

19. 6 

20 . I 

3:3-3 

36.5 

10 

45-6 

29. 6 

30. I 

23-3 

46.5 

15 

50.6 

34.6 

35-1 

28. 3 

51* S 

20 

55-6 

39.6 

40. I 

33-3 

56-S 

25 

60. 6 

44.6 

45 - I 

38-3 

61.5 

30 

6$. 6 

49.6 

50.1 

43- 3 

66.5 

35 

70. 6 

S4-6 

55 - 1 ^ 

48-3 

7 ^-S 


This table is interesting in that it shows approximately the point at 
which the heat supplied by the animals becomes deficient for maintaining 
the proper temperature in the stable. Thus, when King's standard of air 
flow is taken as the minimum, the heat supplied by cows appears to be¬ 
come deficient for maintaining what is believed to be the best stable 
temperature when the outside temperature is below 15*^ F. The heat 
supplied by horses, swine, and sheep appears to become deficient at a 
much higher outside temperature. When, however, the rate of air flow 
computed from the carbon-dioxid production is made the basis of the 
computation, the differences between the species disappear, 

MAXIMUM VENTII^ATION TO MAINTAIN A GXVBN TEMPJ^RATURB 

DIFFERENCE 

Conversely, the same data may be used to compute the maximum 
rate of air flow compatible with the maintenance, of a given temperature 
difference between the stable and the air outside—for example, a stable 
temperature of 50° F. in zero weather—since it is evident that if the air 
flow be reduced the temperature difference and consequently the efficiency 
of the animals to warm the stable will be increased, while if the ventila¬ 
tion be increased the contrary will be the case. To illustrate this point 
Table XX has been computed, showing what rate of air movement would 
be required if it were desired to maintain a temperature difference of 50^^ 
between the stable and the outside air. It should be noted that,, ,as in ^ 
Tables XVIII and XIX, these are maximum values, since no allowance 
is made' for losses of heat through the;stable walls. ,, ■ 
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Table XX.— Maximum rate of air flow possible if a iemperature difference of §0° F . is 

to he maintained 



Average 

Air flow 

Air flow 

Species. 

live 

per day 

per hour 

weight. 

per head. 

per head. 


Pounds. 

Cubic feet. 

Cubic feet. 

Cows. 

I, 075 

60,530 

2, 522 

Horses.... 

I, 250 

40 ,459 

I, 686 

Smne ... 

280 

13,453 

561 

Sheep. 

91 

5 ,825 



The results recorded in Table XX are notably lower than the minimum 
air flow computed in Table XVII as necessary to maintain the carbon™ 
dioxid content of the stable air at 0.167 per cent and still further below 
the rate of air flow recommended by King. In other words (at least in 
the specific cases used as examples) it will be necessary in severe weather 
to restrict the ventilation in order to conserve heat and maintain a desir¬ 
able stable temperature, and consequently the stable air will fall below 
King's standard of purity—namely, 0.167 per cent of carbon dioxid. 
The writers are not acquainted with any investigations upon the effects 
of a higher percentage of carbon dioxid upon animals during long periods, 
but in experiments with the respiration calorimeter this limit has fre¬ 
quently been exceeded in 2-day trials with no obvious ill effects. 

Evidently there is a certain degree of discrepancy between King's re¬ 
quirements and the results of our computations. As has been mentioned 
on previous pages, the, amount of carbon dioxid produced by animals is 
approximately proportional to their heat production, so that the rate of 
ventilation should also be approximately proportional to the heat pro¬ 
duction in order to maintain any desired standard or purity in the air of 
the-stable. It is true that the heat production of animals may vary 
widely, but to the extent to which the examples we have used may lie 
regarded as typical it appears that the accepted ventilation .requirements 
for the different species are not proportional to their heat production. 
Taking the values for cows as unity, the relative computed heat produc¬ 
tion and King's relative ventilation requirements are approximately as 
.follows: 


Animal. 

Relative 
heat pro¬ 
duction. 

i 

1 Rciati've 
air move¬ 
ment. 


1 0 

r* 0 

'.Heavy horses,..... ■ . ■ . 

'Swine.'..... 

^8 

2 

1 1.2 

A 

Sheep,..,..,.:_'_____■..... 

. I 

* 4 
, *3 


' > Tpo much stress should not be laid'on 'these differences, in view of idie 
|Sahc4ty of data for other species 'than.;'.cattle,'but they indicate clearly 

the need for further fundamental inveSi^^attph,''' ', 
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TREATMENT OF CELERY SEED FOR THE CONTROL OF 

SEPTORIA BLIGHT^ 

By Wl^BSTEJR S. Krout 

Assistant Research Professor of Botany, Massachusetts Agricultural Experiment Station 

Septoria blight is often traceable to the use of infected seed. In a 
study of control measures at this point an obvious line of attack is 
tlirough seed disinfection. It is a simple matter to kill spores on the 
surface of the seed by superficial disinfection. However, many infected 
seeds have spores in pycnidia embedded in the pericarp, and an attempt 
to kill these with a chemical disinfectant would endanger the vitality of 
the seed. 

Statements from seed dealers and growers that many celery growers 
use seed 2 or 3 years old suggested the possibility that the spores of 
Septoria on and in the seed might not remain viable for so long a period. 
This indicated a second line of attack. 

Accordingly, the problem of control was approached along two lines; 
(a) A study of the effect of nging the seed on the vitality of the spores 
and mycelium of Septoria; (6) the use of hot water as a disinfectant. 
The results are presented in this paper. 

EFFECT OF AGING CELERY SEED ON THE VITALITY OF SEPTORIA 

SPORES 


Conidia taken from celery leaves or from the surface of tlie seed and 
•Stored under the usual laboratory conditions were dead in from 8 to 11 
months from maturity. Conidia from the peduncles and pericart^s of 
seed gave a 2 to 3 per cent germination at the end of 2 years but were 
always dead at the end of 3 years. Spores from i-year-old seed were 
slightly more viable 'than those from 2~year'Old seed. Germ tubes of 
spores from 2-year vseed were few and slow in developing, 8 days being 
the minimum time of appearance. Other results indicate that spores 
dried for i; or 2 years in the pericarp of seed lack the vigor to produce 
germ tubes capable of penetrating the tissues of healthy celery plants. 
It should be stated that tlie mycelium in the leaves, on the seed, in the 
seed, and in 'the peduncles of the seed was dead at or before the time 
herein reported for the death of the spores. Therefore, no reference has 
been made to the age at which the mycelium, died. The germination 
tests of conidia and mycelium were' conducted in the field during the 

1 Jf^blished with the approval of the director, Massachusetts Agricultural Experiment Station. 

The writer is indebted to Prof. A, Vincent Osmttn, head of the department of botany of the Massachn- 
setts Agricultural Experiment Station, for criticism of the manuscript 
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month of September of three different years, so that enviroiinietital con¬ 
ditions might be identical with those of the celery fields. 

After determining the maximum age at which spores of Septoria retain 
their vitality, it was necessary to determine also just how long celery 
seed remains viable. Seeds of different ages were collected from several 
reliable seed firms (numbered from i to 7 in Table I) and tested to 
determine the percentage of germination. Two hundred seeds of each 
year represented under each firm were used in making the tests. These 
tests were repeated three times during the autumn of 1919 in order to 
verify results. The percentage of germination given in Table I is the 
average of the three tests. 


Table 1 .—-Percentage of germination of celery seed of different ages ^ 


Seed drjii. 

5 years old. 

4 years old. 

3 years old. 

2 years old. 

I year o!d« 


Per cent, 

6.0 

Per cent, 
31.6 

Per cent, 

34.4 

Per cent. 

34-6 

Pet cmL 

<2 ... 

r 5a 3 
tj 47-8 
041.0 



3 S -0 


52.0 

0 * * * .*.. 

4 ... 

II. S 

i. ... 

e. ... 

32. 0 
35-0 
40. 2 

3S.S 
40. 2 


55-0 

6 . 

8.4 

5-1 

48.6 

7. 

62. 5 





« Blanks indicate that no samples were obtained. 

5 American-grown seed; all other seed French grown. 


BVom Table I it is apparent that celery seed germinates well at from i 
to 4 years of age but that at 5 years the percentage of germination is so 
reduced that it would be inadvisable to use seed of this age. American- 
grown celery seed gave a lower percentage of germination than French- 
grown seed. This explains why in No. 3 the percentage of germination of 
i-yeax-old seed is lower than that for 2-year-old seed. The writer is 
aware that the percentage ^of germination of most of the i-year-old 
seed presented in Table I is slightly below that of the United States 
standard of germination (60 to 65 per cent), but since all tests were 
made under the same conditions the results are relative, and, therefore, 
admit of comparison. 

: By purchasing seed i or 2 years old and retaining it until it is 3 or 4 
, years old the grower not only eliminates the fungus but has the oppor- 
;tunity to'test, the seed for pureness of strain, quality of plant produced, 
and elimination of seed weak in vitality. 

' HOT-WATER METHOD OF SEED DISINFECTION 

' It can' be readily seen that any method of surface disinfection,!^' in- 
';,;sufiieient to destroy the spores embedded in pycnidia in the pericarp^of 
Me'^'Seed,.' Other'investigators,have devised various means of meeting 
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this problem. Coons and Levin ^ recommend soaking the seed in warm 
but not hot water for one-half hour and then in a i to 1,000 corrosive- 
sublimate solution for one-half hour. Watts ^ states that some growers 
disinfect their seed by placing it for a few minutes in a i to 32 copper- 
sulphate solution. The seed should be dried thoroughly after this 
treatment. 

The method devised by the writer is based on tests to determine whether 
the thermal death point of the fungus is lower than that of celery seed. 
Thermal exposures (30 minutes was substituted for the usual 10) were 
made of the pathogene under the following conditions: (a) Spore sus¬ 
pensions in sterile distilled water in test tubes; (b) mycelium 2 weeks 
old in sterile distilled water in test tubes; (c) nutrient agar cultures 2 
weeks old in test tubes. These forms of the fungus were heated in a 
double boiler for 30 minutes to each degree of temperature between 38^ 
and 55® C. The results showed that only a slight percentage of the 
spores were viable after being heated to 38^ and that none retained via¬ 
bility after exposure at 40°. None of the nutrient agar cultures were 
viable at 44^, whereas the mycelium in the water blanks was nonviable 
at 45^. The higher death point of mycelium in tlie water blanks is 
probably due to the difierent densities of the two media. 

The method adopted for determining the thermal death point of the 
seed is as follows: Duplicate lots of 200 seed of Golden Self-blanching 
celery inclosed in cheesecloth bags were heated in water at 40® C. for 30 
minutes, and at each degree between 45® and 50'^. Untreated controls 
for comparison were used in all cases. The results are shown in Table IL 


Table II ,—Percentage of germination of celery seed heated at 'various temperatures 


Temperature. 


40 

45 

46 

47 



Percentage 0 f 
gennination of 
seed. 

Temperature. 

49-S 

SX.8 

43- 3 

44- 5 

48.... 

40 . ... 

^0 .. ... . , , . 

Ctontiol, 


Percentage of 
gemination of 
seed. 


44* ® 
40. o 

32.8 

46.8 


In other words, the temperatures of 40® and 45° C. increased germina¬ 
tion 5.8 and 10.7 per cent, respectively, over the control, whereas the 
temperatures from 46^ to 49° injured germination slightly. At 50"^ 
germination fell 29.9 per'cent below the control. The temperature at 
which celery seed loses its vitality lies somewhere between 50° and 55®. 
Prom the foregoing it is evident that heating i- and c-year-old celery 
seed in water at 48^ or 49for 30 minutes eliminates all possibility of 

Septoria infection of seedlings from such seed. 

-... ---— --— - ^ — ----— 

* Coom, G. H.r awd Eetjn, Ezra, 'sm ss^toria war spot »isi?Asit of cbiajuy or celery mmm» 
Midi. Ajifr. Bxp. Sta. Spec, Bui 77. 8 p,, 9 fig, 19356. 

* Watts, Mplhn vEgetabw carpi^nikg. p, 302-336. New York. t<m. 
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SUMMARY AND CONCLUSIONS 

As a rule American-grown celery seed is freer from Septoria spores than 
Fretich-gromm seed. 

Spores and iiiyceliiim taken from the surface of celery seed or from 
the pyciiidia in celery leaves and kept in the laboratory lose their vitality 
ill 8 to II inoiitlis. 

Conidia and mycelium from pycnidia in the peduncles and pericarp of 
celery seed gave from 2 to 3 per cent germination at the end of 2 years 
but were dead at the end of 3 years. 

The vitality of the conidia and the mycelium which germinate at the 
end of I and 2 years is very low. 

Celery seed 3 or 4 years old gave a good germination test. The per¬ 
centage of germination' of seed more than 4 years old is too low to warrant 
the use of such seed by commercial growers. 

The conidia are killed when heated for 30 minutes in water at 40*^ C,; 
the mycelium is killed at 45^; celery seed when similarly heated is not 
appreciably injured below 50®, The vitality of celery seed is destroyed 
between 50° and 55^. 

The vitality of spores and mycelium in tlie pericarp of celery seed is 
destroyed at 48® and 49^ C. without seriously injuring the germinating 
power of the seed; higher temperatures greatly impair the power of the 
seed to germinate. 
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BIOLOGY AND ECONOMIC IMPORTANCE OE ANASTATUS 
SEMIFLAVIDUS, A RECENTLY DESCRIBED EGG PARA¬ 
SITE OE HEMILEUCA OLIVIAE 

By D. J. Caeprey 

Scknitfic Assistant y Cereal and Forage Insect Investigations y Bureau of Entomology y 
United States Department of Agriculture 

INTRODUCTION ^ 

Adults of the recently described egg parasite Anastaiiis semiflavidus 
Gahan were first reared from eggs of the New Mexico range caterpillar, 
Hemileuca oliviae CklL, during the progress of experiments to determine 
metliods for tlie economic control of that destructive pest. 

These rearings were made by T. H. Gates from Hemikuca oliviae eggs 
collected in the vicinity of Koehler, N. Mex., during June, 1913* For 
several years prior to this date extensive egg collections in the same 
vicinity and throughout the infested area had failed to reveal the pres¬ 
ence of any egg parasite of H. oliviae? It is assumed from the foregoing 
that, just before the period during which these negative collections were 
made, some severe and unusual climatic condition had reduced the num¬ 
bers of the parasite to such an extent that its presence was not discov¬ 
ered at that time. Since its discovery in 1913 the parasite has appeared 
in increasing numbers each year until it now exerts a powerful influence 
in the natural control of its host. 

DISTRIBUTION OF THE PARASITE 

Egg collections made during the autumn of 1915 and the winter' and 
spring of 191:6 demonstrated that the parasite was widely distributed in 
that part of northeastern New Mexico which was heavily infested,by 
tlxe range caterpillar. Adults were reared from the following localities 
in that section: Maxwell, Brackett,'Nolan, Las Vegas, Springer, Chico, 
Cimarron, Mora, Watrous, Miami, Colfax, Folsom, Wagon, Mound, 
Vermejo, Koehler, Colmor, Taylor, Levy, Roy, Mills, and Clayton. 

* The observations detailed in this paper were made principally at tbe United States Range Caterpillar 
Camp near Koehler, N. Mex., and at the United States Entomological Uafooratory, Maxwell, N. Mex. 
V. I»» Wildemnth, T. H, Gates, W. E. Schlupp, and H. E. Smith assisted in securing the data herein 
presented. 

C. N. the new MEXICO' RANGE CATERPILLAR (HEMILEVCA OLIVIAE CKLL-)* H U. S. Dcpt., 
Agr. Btir. Ent. BuL 85, pt. s, p. ssrsifi. hs- 32 ”S 3 . ph 3 ' 4 - 1910* 


Journal of Agricultiiral Research, 
Washington, D. C. 
yb 


(373) 


Vol. XXI, No,« 

June 15,19*1" 
Key ^ No. 




374 


Journal of Agricultural Research 


VoL XXI, No. 6 


CLASSIFICATION ANB DESCRIPTION 

Anastatm semiftavidus belongs to the hymenopterous stiperfamily 
Chalcidoidea, family Enc3n:tidae, and subfamily Eiipelminae. It was 
described as a new species by A. B. Gahan/ of the Bureau of Entomol- 
ogy, from type specimens reared from Hemileuca oliviae eggs by F. H. 
Gates at Koehler, N. Mex. Mr, Gahan’s description of the adult follows. 

ADULT 

Anastahis semiflaruidus, new species. Female [PI, 68, A],—Length, 2.3 to 2.5 mm. 
Head strongly punctate; eyes elliptical; antennal pedicel about two-tliirds the length 
of the first funicle joint; ring-joint transverse; first, second, and third fnnicle joints 
stibeqtial, following joints shorter; mesoscutum with the median and lateral lobes 
alike faintly scal^’^-pnnctate and hairy; the median lobes more distinctly sculptured 
bordering the lateral margins; scutellum and axillae very finely and closely punc¬ 
tured, the former precipitous posteriorly and the posterior face smooth; propodeum 
smooth; mesopleurae mostly smooth, but with the anterior portion above scaly- 
punctate; postmarginal vein twice as long as the stigmal, the marginal a little more 
than twice the postmarginal; abdomen faintly lineolate, about as long as the thorax. 
Scape reddish-yellow, flagellum black; head brassy-green; mesoscutum, punctate 
area on the mesopleurae,, posterior face of the scutellum, propodeum, hind coxae, 
and underside of the thorax metallic blue-green; scutellum and axillae varying from 
wholly pale orange-yellow to dark brown, with only the bases yellowish; remainder 
of the thorax reddish yellow; legs yellowish within and along the margins, blackish 
or brownish outwardly, the femora often tinged with metallic; wings fuscous, the 
base hyaline to the beginning of the marginal vein and a broad hyaline transverse 
band before the stigmal vein; abdomen yellowish above except the three apical seg¬ 
ments, which are darker and somewhat metallic; venter pale at base, brownish 
medially and metallic apically. 

Male [PL 68, B].—Head strongly punctate; antennal scape compressed and ex¬ 
panded beneath, pedicel very short, flagellum tapering slightly from base to apex; 
first funicle joint about twice as long as wide; following joints successively shortening; 
club scarcely as long as the two last funicle joints combined; mesoscutum and scii- 
tellum alike scaly-punctate, mesopleurae mostly smooth; propodeum smooth; post- 
marginal vein nearly as long as tlie marginal and a little more than twice the length 
of the stigmal; abdomen reticulately lineolate. Color dark blue-green; antennae 
black, tlie expansion of scape pale; abdomen beyond the first segment brownish-black; 
all trochanters, a line above and the apices of front and middle femorae, front tibiae 
outwardly for its whole length, basal third of middle and hind tibiae and the three 
basal joints of the middle and hind tarsi yellowish white; front tarsi and apical two 
joints of the other tarsi fuscous; remainder of the legs blue-green or blackish. 

, Koehler, New Mexico. 

Bast—Hemileuca oliviae* 

Type, —Cat. No. 18331, U. S. N. M. 

LARVA 

The freshly dissected larva'(fig- i) is dirty white in color with’the body 
contents showing darker. ' TiTien viewed dorsally,' the general shape is 
elliptical, becoming slightly broader posteriorly. When viewed later- 

1 GaKAN, a. B. DESCSUPTIOUS OF NSW GENERA AN» SPECIES, WITH NOTES ON PARASITIC HYMENOPTEl^i. 
In Proc. U. S- Nat. 48, p. ig-s-ies. 1914. 
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Fig. x.-—Anasiaiu$ semiila'uidus: Larva, 
side view. Greatly enlarged. 


alljj the larva appears crescent-shaped and is slightly depressed dorso- 
ventrally. The head is partly retracted and not chitinized. The man¬ 
dibles are small and almost invisible. 

The body segments, 13 in number, are 
well defined and slightly broader dor- 
sally than ventrally. This causes a well- 
defined fold just above the pleural areas 
which becomes more pronounced pos¬ 
teriorly. A narrow ridge extends down 
the median line dorsally. The head and 
first two body segments are sparsely 
pubescent. 

The average dimensions of the larva are: Length when extended, 2.5 
mm.; width, 1.25 mm,; depth dorso-ventrally, i mm. 

PUPA 

The pupa (fig, 2) when first formed is creamy white in color and closely 
resembles the adult in shape. The appendages are 
folded close to the body, and tlie entire pupa is covered 
by a tliin pupal skin. The sex differences are early 
apparent. The female pupa, when extended, averages 
2.5 mm. in length, and the male pupa, 1.75 mm. Soon 
after formation, the eyes of both sexes turn pink and 
gradually the thorax and abdominal bands of the 
female become light browm in color, while in the male 
they become dark blue-green. Just before tlie emer¬ 
gence of the adult, the entire pupa assumes the char¬ 
acteristic color of its sex. 



Fic, s.—'Anasialtis semf 
flavidus: Pupa, side view 
of female. Greatly 
enlarged. 


LIFE HISTORY 
EGG PERIOD 


All attempts to dissect the egg of Anasiaim semifl(Jh 
vidus from its host or to ascertain the length of the incubation period have 
been unsuccessful. 

The period of normal oviposition in the field begins when tlie 
ieuca oliviae eggs are first deposited, about the middle of Septenibetj 
and continues until the arrival of severe winter weather, which occurs in 
these comparatively , high altitudes during late November ^ or early 
December. 

Judging from indications furnished by numerous dissections of host 
eggs from life-history cages and from eggs collected at various times in 
the field, it is probable that the parasite,eggs which are deposited just 
before tile beginning of cold weather hibernate in that stage, while'the 
eggs: which are deposited early in the, season hatch and hibernate' m 
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partly developed larvce witliiii their host. This tlieorj^ would account 
for the prcvsence of the fully developed larvse that are freqiieiitl}^ foiiiid 
within their host eggs early in the succeeding spring. 

UARVAU PEJRIOD 

Periodic dissections and emergence records of egg clusters that had 
been exposed to adults in confinetneiit indicated extreme variations, in 
the duration of the larval period for different individuals. 

From a series of isolated host egg clusters that had been exposed to 
parasite adults in cages for two days during the last week of September, 
1914, a few adults emerged early in May, 1915. The larval period of 
these individuals therefore was limited to about seven months, whereas 
some of the other eggs in these same egg clusters were found to contain 
fulhgrown dormant lar\’'ae nearly two years later—^that is to say, in March, 

1917* 

Dissections of i- and 2-year-old eggs collected in the field gave similar 
results and established the fact that on some occasions the insect remains 
in a dormant larval state for at least two years. 

It will be apparent from the foregoing that any statement concerning 
the duration of the larvaT period must necessarily be in approximate 
terms. 

PUPAL PERIOD 

The pupal period is evidently very short, as in a long series of dissec¬ 
tions of parasitized eggs, made at inter\mls of three or four days, it was 
observed that pupae were rarely found, although many of these eggs 
contained fully developed larvse and adults were emerging each day. 

Pupae were dissected out of the host and placed in different types of 
cages in an attempt to ascertain the length of the pupal period, but 
none were reared through to the adult form. 

adult period 

In laboratory experiments the females remained alive for several 
weeks in Do ten cages that were supplied with equal parts of honey and 
water as food. Under these same conditions the males remained alive 
but a few days after being placed in the cages. 

, Adults have been observed in the field from the early part of May until 
the^ first of December, the maximum emergence occuning during July 
and,August.^ As the host eggs are not deposited until September, it is 
probable that'the females live for long periods under field conditioms, 
the length 'of their life depending upon the proximity of their host and 
upon the weather conditions. 

DURATION OE LIEE CYCLE ' 

y:;:Ftoin 'a series, of 49 cage's started in September and October, 19x4, a 
.Total of 383 adults were reared. ■,These, adults required a maximum of 
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449 days and a minimtim of 226 days to complete their life cycle, the 
average being 380 days. (See Tables I and II for a record of two of 
these cages.) From a series of cages started in October, 1915, a total of 
40 adults were reared. These adults required a maximum of 346 days 
and a miniiiium of 238 days to complete their life cycle, the average being 
266 days. BVom a series of stock cages started the last week in Septem¬ 
ber, 1914, adults were reared from the first week in the following May 
until March, 1917, a minimum of 7 months and a maximum of 30 months. 
It is evident that this prolonged life cycle was not due to the artificial 
cage conditions because adults emerged from i- and 2-year-old eggs 
collected in the field. 


Table I. —Duration of life cycle, proportion of sexes, and progeny of one female Anas- 

taius semiflavidus 


Cage No. 


817 (i) 
817 (2) 

817 (3) 

817 (4) 

817 (5) 


817 (6) 


817 (7) 
817 (8) 


Date egg 
was exposed. 

Date adult 
parasite 
emerged. 

Total 
number 
of days. 

Number 
and sex of 
adults. 

Result of dissecting eggs 
still intact on May 20, 
1916. 

1914. 

1915- 





Sept. 22 

370 

2d', 19 



26 

374 

19 

One living larva. 

Sept. 17 

30 

378 

i9 

Two dead larvse. 


Oct. 26 

404 

29 



[Dec. 4 

443 

i9 


18 

vSept. 22 

369 

ic?, 2 9 

One living larva. 


/Oct, 22 

397 

i9 

Do. 

20 

[Dec. 10 

446 

i9 

One dead female. 


fScpt. 3 

344 

Icf 


22 

• 22 

365 

acT 

One living larva. 


1 24 

367 

2 9 



24 

364 

I 9 



25 


I 9 

Do. 

25 

v(Oct. 19 

390 

i9 

One dead larva. 


‘Nov. 16 

418 

i9 

Do. 


20 

422 

i9 



(May 17 

233 




Sept. 22 

360 

39 



25 

363 

2 9 


27 

26 

3^4 

t 9 

One living larva. 


30 

3^9 

I 9 



Oct. 2 

371 

i9 



1 4 

373 

19 



(Sept. 22 

35S 

2 rS 



24 

360 



29 

26 

362 

29 

One dead larva. 


30 

366 

2 9 



[Oct. 25 

392 

i9 


Oct. I 

Sept. 7 

342 

Id' 



Average number of days in life cyck»=373.4. 
Maximum number of days in life cycle** 446. 
Minimum number of days in life cycle*= 233. 
Proportion of sexes** 12 males and 32 females. 
Total progeny of one femakws4 individuals.' 
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Many experiments were carried.on to determine whether this |>ara- 
site would reproduce in mature eggs. No reproduction was secured in 
any of these experiments. 

'The extreme variation in the duration of the life cycle^ as shown in 
Tables I and II, is important in tiiat it would allow the parasite to sur¬ 
vive any unfavorable weather conditions for an extended period. 

TaboiS II .—Duration of life cycle, propotiion of sexes, and progeny of onefemak A^nas-, 

tatus semifiavidus 



Average ntxmber of days in life cyde=«366.7. 
Maximum number of days in life cycle™ 445. 
Miniinum number of days in life cycle™ 236. 
Proportion of sexes™ 20 males and 29 females. 
Total progeny of one female™60 individuals. 
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CAGE REARING METHODS ' 

The cages used in experiments with Anastatus se7mflavid^is adults were 
of amodified Doten typed Thiscage consisted of two round 30 by 100 mm. 
glass vials, of the same diameter and shape, cut off squarely at the open 
ends, A small patch of beeswax was melted on the inside of one vial, at a 
point equidistant from each end, to serve as a support for the food of the 
Hymenoptera, This food consisted of equal parts of honey and water 
and was applied as a small drop in a depression made in the beeswax. 
This vial was known as the food tube. The other vial was known as the 
home tube and was left in its original condition. 

The Hymenoptera were introduced into the home tube, and the open 
ends of the two vials were placed together. A strip of heavy wrapping 
paper, 2 inches wide and 10 inches long, was then bandaged tightly 
around the abutting edges and secured by snapping a heavy rubber band 
around each vial at the edge of the paper bandage. 

When it became necessary to change the food tube for replenishment 
or cleaning, a duplicate food tube was prepared to replace the original. 
Before this change could be affected, however, it was necessary to entice 
the Hymenoptera into the other, or home tube. This was accomplished 
by holding the home tube with its closed end toward the light and inclined 
slightly upward. A smart tap on the bottom of the food tube would 
usually drive any insects into the home tube that refused to crawl out. 
When all tlie Hymenoptera in the cage had moved into the home tube, 
the rubber band holding the original food tube was removed. The other 
rubber band on the home tube held, the paper bandage in position while 
the newly prepared food tube was quickly inserted and its rubber band 
replaced. 

In life-history experiments it became necessary to introduce egg clusters 
of the host into these cages. Under these circumstances, the Hymenop¬ 
tera'were enticed into the food tube, after which the home tube was re¬ 
moved, the host egg cluster quickly inserted, and the home tube returned 
to its original position. 

The glass sides of this cage made it possible to follow easily the activi¬ 
ties of the insects under observation, and its mobility allowed it to be 
placed upon the binocular stage for microscopic 'examination of its 
contents. 

The labels and other necessary data were written on the paper bandage 
holding the two vials together. 

The cage was prevented from rolling and smearing the honey solution 
over.the interior by placing it in a shallow pasteboard box with'loose 
cotton. 

^ Doten, Samuel B. concehning the reeation or food to reproductive activity and eongeyiT'Y 
IK certain HYMENomROUS PARASITES. First paper. Nev. Agr. Enp. Sta. Tech. Bui, 78, p., S-xo, 




380 


Journal of Agricultural Research 


Vo!. XXI» No. 6 


Adults of AnasMus seffiiflavidus were kept alive for long periods in this 
type of cage, provided proper care was exercised in its mamtenance. The 
honey solution was kept fresh, a new supply being prepared every few 
clays, as experience demonstrated that a rancid or moldy condition of the 
food caused the death of the Hymenoptera. The interior of the cage was 
kept strictly clean and free from all particles of dirt or other foreign 
matter that would entangle the insects. 

The direct rays of the sun proved fatal to the confined insects, so it was 
necessary to keep the cages in a shaded location. 

HABITvS 

fertilization 

The union of the sexes and the fertilization of the female take place 
in. the manner common to most chalcids soon after the adults emerge 
and last but a few seconds. 

Wlien this species was first reared from Hemileuca oliviae eggs, it was 
thought that the male and female Amstatus semiflavidus were separate 
species. Each sex was accordingly exposed to eggs of'F. oliviae in 
separate cages for the purpose of securing life-history records. Under 
these conditions, the species proved parthenogenetic, as all the progeny of 
the unmated female A, semiflavidus were males. 

OVIPOSITION 

The process of oviposition was often observed in life-history, cages. 
In one instance, a female of Anastahis semiflavidus was introduced intO' 
a glass vial cage containing a Hemileuca oliviae egg cluster known to 
have been deposited 2 days previously. This female had been confined 
in a stock cage containing many adults of both sexes and had probably 
been fertilized. It had not previously been exposed' to any eggs of its 
host. Immediately upon being introduced into the cage, the female 
began examining the egg cluster, running over the surface of the eggs 
and feeling them with her antennae. After 2 or 3 minutes she apparently 
selected an egg that suited her purpose and began making preparations 
to oviposit. V. U. Wilderniitth then took this female under observation 
and through the binocular microscope observed the details of the process 
of oviposition. He states that in the two instances under his observa-^ 
tion the female drilled a hole in the shell of the egg with her ovipositor 
in 15 and.20 minutes, respectively, after which an egg was apparently 
deposited in each instance. Mr. Wildemiuth then directed tiie writer 
to.observe the details of oviposition and to describe the same.' After a 
short interval this cage was again examined by the writer, and soon 
the female^ was observed making preparations to oviposit. 

Through the binocular microscope, it was seen that the female was' 
poised over the selected egg, the legs being strongly braced against the 
sides of the adjoining nggs,,.; and most of' tlie, pressure being exerted 
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tlircnigii tlic posterior pair of legs. The ovipositor protruded a short 
distance (fig* 3), and the abdomen moved slowly up and down, forcing 
the ovipositor into the shell of the egg. 

Occasiimally the movcnneiit was from 
side to side, and ihere were short inter¬ 
vals of rest. 

After 2 1 iiiirmtes, the opening in the 
egg £i|>r'>eare(l to be completed and a 
small drop of brownish liquid appeared ^.^Anasidus semiM'fdus: mt vim 

at the point where the ovipositor was cxtmded ovipositor. Greatly enlarged, 
inserted in the egg. It is impossible to 

state whether this liquid exuded from the female or came from the egg. 
When this operation of drilling an opening in the egg was complete, 
the female turned around and examined the puncture. She appeared to 
be sipping the liquid around the opening in the eggshell or possibly feeding 
On the contents of the egg. The female soon resumed her original position 
and inserted the ovipositor into the egg, nearly full length. The oviposi¬ 
tor was then partly withdrawn and thrust again into the^ egg. This 
operation w^as repeated 9 or 10 times.' finally the ovipositor was thrust 
in full length, the female crouched low over the egg, the abdomen, 
meanwhile, was drawn sharply forward, and ovipositioii apparently 
took place. The female remained quiet, except for a slight movement 
of the abdomen, in this act of oviposition for 2 or 3 minutes. The 
ovipositor was then withdrawn, and the female turned around and 
manipulated the mandibles and antennse in the small drop of liquid 
which remained over the opening in the egg. This liquid soon hardened 
and formed a transparent, light brown, waxy substance which apparently 
sealed the oviposition puncture. After completing oviposition in this 
egg, the female resumed her examination of the remaining eggs in the 
cluster and was observed to oviposit several times during the remainder ’ 
of the day. ^ 

INTBRNAn AFPISARANCIS OP PARASITI 2 P)I> T^QG 

For a' long period after oviposition the internal appearance of para¬ 
sitized egg docs not differ from the normal, the contents consisting of a 
reddish brown liquid. The only change apparent, until the parasite 
larva becomes visible, is a slight thickening of the liquid contents. ' In ^ 
the course of its development, the larva consumes these liquid contents 
and finally occupies about two-thirds of the egg-cavity. Only one larva 
develops in each egg. ' 

nxTBRNAO APPBARANCn OF PARASITIZEB EGG 

Superficially the external appearance of a parasitized egg does not differ 
fipm the normal, there being no change in its color or shape. Microscopic ^ 





382 


Journal of Agricultural Research 


Vol. XXI, No. 6 


examinationj liowever, reveals the presence of the sealed ovi- 
position puncture, and this is the only external indication l.)y which a 
parasitized egg may be recognized. The parasite can not be discerned^ 
even during its advanced stages, through tlie opaque, thick-walled shell 
of the egg* This appearance is in marked contrast to that of eggs of 
the gypsy moth {Poriheiria dispar L.) which have been parasitized by 
Anastatus bifasciaius Fonsc. The parasite larva of this closely allied 
species is plainly visible through the shell of its host egg. 

Hemileuca oliuiae larvse frequently hatch from eggs bearing ovipositioii 
punctures of the parasite. This is probably due to the fact that these 
particular eggs were not successfully parasitized. 

APPEJARANCB or HOST ^GCS FROM WHICH ADULTS HAVE EMERGED 

The adult, upon emerging from the pupa, finds itself completely inclosed 
within the walls of the host egg. It gnaws a small but easily distin¬ 
guishable hole through this wall and makes its escape. 

The host eggs from which AnastaUis semiflavidus adults have issued 
may be readily recognized by the presence of this exit hole. It is much 
smaller than the hole made by the hatching of tlie host larvae. (PL 68, C.) 

method OF earvae deveeopment 

The larva of Anastatus semiflavidus prevents the formation of the 
embryonic larva of its host and feeds exclusively upon the liquid contents 
of the host egg. This method of larval development is characteristic 
of the true egg parasites. 

DORMANT PERIOD OF FUEE-GROWN EARVA 

After the larva has become full-grown, the development of the pupal 
stage depends largely upon the external climatic conditions to which 
the egg is subjected. In iiortliern New Mexico, these climatic conditions 
refer especially to humidity and must be considered in this special sense. 
The degree of humidity as affecting the development of parasite larvm in 
this semiarid climate depends largely upon whether the eggs are situated 
on high or low ground, or upon the distance from areas of surface water, 
/ Jf the parasitized egg, containing a full-grown larva, happens to be 
subjected to a long period of, drought, pupation may be delayed and a 
dormant larval period of indefinite duration produced until such a time 
as both humidity and temperature are favorable for furtlier development. 

When these favorable conditions occur, the full-grown dormant larva 
changes to a pupa without regard to the length of time spent in the 
larval stage, 

SHORT EENGTH of PUPAE PERIOD 

The duration of the pupal period is very short, as noted by nunietous 
dissections./ From 'this fact it ;is,assumed that the insect, must be less 
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resistant to adverse weather conditions as a pupa than as a donnant 
larva or as an adult, and it would appear that the pupal period is made 
as short as possible in order to hurry the insect through the most vul¬ 
nerable period of its existence. The few pupse dissected from para¬ 
sitized eggs have invariably been found during periods of heavy adult 
emergence. 


NUMBER OR INDIVIDUALS PRODUCED BY EACH FEMALE 

In cage experiments, two females under obseiwation produced 60 and 
54 individuals, respectively (Tables I and II), These figures may be 
considered as being below the average, because under natural conditions 
each female probably produces a greater number of progeny than when 
confined in cages. 

JUMPING HABIT OF ADULTS 

Although equipped with wings, the adults of both sexes appear to 
lack the power of sustained flight. Locomotion seems to be accomplished 
largely by means of jumping or running, - Adults that were observed in 
the field running around on the ground in the vicinity of host egg clusters 
disappeared with startling rapidity when an attempt was made to collect 
them, their movements, when approached, resembling those of the 
haiticine flea-beetles. This ability, to jump made the species very 
difficult to handle in the laboratory cages, and many adults were lost 
during the process of feeding or when they were being transferred from 
one cage to another. 

The males are much more active than the females. 

RELATIVE PROPORTION OF SEXES 

From a quantity of Hemileuca oliviae eggs collected in the field a total 
of 393 adults issued. Of this number 158 were males and 235 were 
females. From two series of life-history cages a total of 423 adults 
issued. Of this number 175 were males and 248 were females. These 
figures would seem to indicate that both sexes were well represented but 
that the females were slightly more abundant than the males. (Tables 
I and II.) 

POSITIVELY FHOTOTROPIC HABIT OF ADULTS 

The adults of Anastatus seniiflavidus are positively phototropic. This 
characteristic was used to advantage in rearing the adults from eggs 
collected in the field and in handling the species in life-history cages. 

HOSTS OTHER THAN HEMILEUCA OLIVIAE 

Ad,ults of Anastatus seniiflavidus were reared from eggs of Hemileuca 
nemdensis Stretch, collected from willow along the banks of" the Red 
River in New Mexico, Laboratory experiments also demonstrated That' 
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adults of ..4 , semiflavidus, emerging from H, oliviae eggs, would breed in 
eggs of H, nevadensis. 

Tlie eggs of this closely allied species are not very numerous in the 
region infested by Hemileuca oliviae and, therefore, do not form a very 
important host for Anastatus semiflavidtts. If for any reason, however, 
H, oliviae should become greatly reduced in numbers, the eggs of H. 
nevadensis would serve as a valuable host in perpetuating A . semiflavidus. 
From many indications, it is probable that such a condition of affairs 
has existed in the past. A study of the life history of H. nevadensis 
demonstrated that its life cycle and that of H. oliviae correlate very 
closely. 

An attempt was made to rear Anastatus semiflavidus from the eggs of 
Malacosoma fragilis Stretch, collected from scrub oak along the foot¬ 
hills, and to secure parasitism of these eggs in confinement, but only 
negative results were obtained. 

ECONOMIC IMPORTANCE OF THE PARASITE 

It has been very noticeable that this highly beneficial insect has, been 
increasing rapidly in numbers since the spring of 1913 when the species 
was first discovered. This increase has been especially marked in areas 
of hea\’y Hemileuca oliviae infestation. 

In the collections of Hemileuca oliviae eggs made from different local¬ 
ities during the autumn of 1915 and the winter and spring of 1916 
the percentage of parasitism varied from 75 to oiity a trace. The 
species was found to be present in every locality from which H. oliviae 
eggs were collected with the exception of two isolated areas far to the 
south of the main area of infestation, in which only a very few egg 
clusters were found. 

At the present time Anasiaius semifiavidus appears to be one <.)f the 
most efficient natural enemies contributing to the control of Hemileuca 
oliviae. 




PLATE 68 

A nasiahis semifiavidiis: 


A, —^Adiilt female, dorsal view. 

B, —Adult male, dorsal ^dew. 

C, —Exit holes of adults from egg clusters of Hcmileuca oUvim, 
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VARIETAL susceptibility OF BEANS TO RUST ‘ 


By F. D. FrommEj Plant Pathologist, and S. A. Wingard, Assistant Pkmt Pathologist, 
Virginia Agricultural Experiment Siaiion 


INTRODUCTION 


The bean rust fungus, Uromyces appendiculatiis (Pers.) Fries, is 
worldwide in distribution, being found practically coextensive with the 
distribution of its hosts throughout the North American continent and 
in the West Indies, Soutli America, Burope, Africa, Asia, Japan, and 
Australia- In addition to its common host, Phaseolus vulgaris L., it occurs 
in North America on ten species of Phaseolus, two species of Dolichos, 
two of Strophostyles, and three of Vigna (i)A It is an autoecious species 
with the full complement of spore forms. The aecia are of the cupulate 
type and are of rather rare occurrence, judging from the collections in 
herbaria. The witers have seen them in the field on only one occasion- 
The uredinia and telia are found duriug the summer'and fall and are 
ver/ common- The relative importance, of the different spore forms in 
the overwintering of the rust has not been determined, but it seems 
hlrely that the teliospores are of minor importance, at least.under Vir¬ 
ginia conditions, and that the urediniospores are the most important 
factor in overwmtering- 

In the opinion of the writers bean rust is commonly unden*ated as a 
limiting factor in bean production. The losses are indirect, being occa¬ 
sioned by decreased vigor due to foliage injur}^ and this fact tends to 
obscure the amount of curtailment of yield except in very severe cases- 
Altliough the disease occurs in all parts of the United States losses seem 
to be especially severe in Virginia, West Virginia, Tennessee, and south¬ 
ern Ohio of the eastern States, in Georgia and Louisiana of the south¬ 
ern States, and in California. ■ In the commercial bean ai«eas of the 
North it seemingly appears too late as a rule to cause much injury- Tt' 
is occasionally severe in the New England States. ' In Virginia bean rust 
is one of tlie chief limiting factors in production. Severe injury is 
commonly found on three varieties, Kentucky Wonder, Navy Pea, and 
Tennessee Green Pod. Evidence of the severity of, bean rust in Califor¬ 
nia and of the inefficacy of spraying may be seen in the following,quo¬ 
tations, . R. E. Smith (jro) in discussing' the work at the California 
Experiment Station says: 

Mr. Rogers did a considerable amotint of work during the year in an endeavor to 
find means for checking a serious rust (Uromyces appendieulahis) which attacks the 

^ Published with the approval of the Director of the Virghda Agricultutal Experiment Station. Paper 
s6 from the Department of Plant Pathology and BacteriologiT. 

- Reference is made by number (italic) to ‘' literature cited, p. 404* _ 
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Keiituck}’ Wonder bean in San Diego county and prevents the growing of this valu¬ 
able crop late in the fall. Treatment both with Bordeaux mixture and finely ground 
sulfur was tried, but unfortunately" neither material gave any appreciable control of 
the disease. 

D» C, Miibrath ^ is quoted as follows: 

In Dos Angeles county, especially in the San Gabriel Valley, rust developed so 
rapidly on beans during the past week that some fields have been abandoned. This 
is the case particularly with Lady Washington and Trench varieties. 

Until recently there has been little specific information in literature on 
the relative susceptibility of bean varieties to rust. 

Buggar (a) states that great differences exist in the susceptibility of 
varieties among both dwarf and pole sorts and suggests that the selec¬ 
tion of resistant varieties would seem to be possible. 

Gassner (5) noted a difference in the susceptibility of 2 varieties of 
beans in South America and later planted 15 varieties in a field test. 
These were inoculated with rust spores, and wide variations in suscepti¬ 
bility were seen. Three of the varieties were severely injured, while the 
remainder were only moderately, slightly, or not at all affected. 

Jordi (7), in Europe, took field records on five varieties of pole beans 
mth respect to severity of rust, using the cipher i-io to indicate the 
state of susceptibility. Four of the varieties were susceptible, being 
rated 7-10, while one, Edosterfrauen, was resistant,' being rated' only 

In the Plant Disease Bulletin for September 15, 1918, W. J. Morse (p) 
lists 17 varieties of beans with respect to their susceptibility to rust in 
Maine. Seven of the varieties yvere severely^ attacked, while the other 10 
developed only slight infection or none. 

In a previous publication (4) the waiters have described the field be¬ 
havior of a large number of'bean varieties with respect to their suscepti¬ 
bility to nist. l^ery marked variations were found together wth great 
curtailment of productivity, some of the most susceptible varieties being 
complete failures. 

It is the purpose m this paper to describe more fully the various 
phenomena found in studies of rust infection and development on cer¬ 
tain varieties of beans, especially under greenhouse conditions. 

EXPERIMENTAL METHODS 

' Considerable preliminary work was devoted to the development of a 
technic. A standard dosage, method of inoculation, and' uniformity in 
the records of infection %vere recognized as some 'of, the first requisites. 
One of the greatest difificulties in this connection' lies in the material 
itself. The' pathogene, together with other Uredinales, can' not be 
grown, apart froni'^ the living host, ,and in consequence the pure' culture 

^ MuMKAtRi D. 'C, NotJ^sJ 1 % U, S. Dept. Agr. Btir. Plant Indtis. Olf. Cottocu Tflick:, Porage 

Crop'Disease Imres. News Notes, ao.;a3, p, 5. 3:918* ■ Mimeograplied. ' 
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standards of the bacteriologist can only be approximated. The strain 
of the fungus used in the experimental work to be discussed was obtained 
from Kentucky Wonder beans in a garden at Blacksburg in the fall of 
1917. In an effort to obtain a single spore strain, bean plants were 
inoculated sparingly mth urediniospores, and only a few well-isolated 
sori were obtained. Urediniospores from a single sorus were used again 
for a sparing mocuiation on other plants. The repetition of this proce¬ 
dure through several spore generations provided a strain which could, 
with reasonable certainty, be considered to have arisen from a single 
urediniospore. Stock cultures of this strain were maintained on plants 
of Tennessee Green Pod, and all of the inoculum used was taken from 
this variety. 

The method of inoculation used throughout the work consisted in the 
atomization of the host with a urediniospore suspension followed by 
incubation in a moist chamber for 24 hours. One of the authors (j) in 
studies with the crownrust of oats had found that the best infection 
was obtained when dr}^ spores from a culture of rusted oat seedlings 
were allowed to fall on plants which had been previously atomized with 
water. Melliiis and Burrell (<?) have also found dusting the spores on 
the moistened plants preferable to the use of spore'suspensions. They 
have found a considerable reduction in the percentage of germination of 
urediniospores of this rust after passing them through an atomizer. 
There seems, however, to be greater probability of securing uniformity 
of dosage with spore suspensions, and this method has, therefore, been 
followed in our work. 

A standard dosage was used throughout the experiments, the inoculum 
for each plant being the spores from one mature iirediniiim, grovm on 
Tennessee Green Pod, applied in i cc. of water. In practice 40 plants 
were inoculated at one time, the dosage being the urediniospores from 40 
sori in 40 cc. of water. 

Since it had been determined previously that the susceptibility ^ of 
the bean leaf varies somewhat according to the degree of maturity, the 
inoculations were made with the. plants in as near the same stage of 
development as possible, the rule followed being to select the time when 
the first trifoliate leaf had reached a length of about inch. At this 
time the primordial leaves have attained practically their full size but 
are still young and in a susceptible state. The number of days required 
to reach this stage of development from the planting of the seed varies 
with the conditions in the greenhouse between 11 and 20 days, averaging 
about 14 days. 

In order to secure uniformity of exposure to infection an mocuiation 
frame is employed to hold 40 four-inch pots each of which contains a 
single bean plant. Four varieties are inoculated in each test, 10 plants 
to a'variety; the varieties being distributed' through the'frame in 'such a 
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manner as to overcome any inequality in inoculation. Plate 69, 
shoves the frame filled in preparation for inoculation. The inoculum, 
as stated previously, is applied with an atomizer, all plants receiving as 
nearly as possible the same amount of material. A very fair degree of 
uniformity in the resultant infection is obtained as a rule by this method 
throughout the 10 plants of a variety. The results of one test are shown 
in Table I. 

Tabi^eJ 1 .-—Experwieni No. 2Q. Results of inoculation of four 'varieties of beans planted 
December g and inoculated December ji at the rate of one sorus per plant; sori -visible 
January 8, sporulaiing January 10 ; count -made January ly 
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II. — S-UMMary of exp€rhmnt N0» 2Q. Perceniage of ioial injection and fertile 
infection in terms of Tennessee Green Pod, s^hich is taken as ills standard and rated 
I bo per cent 


Total number of sori on 2c leaves.| 

Total number of flecks on 2c leaves.,. 

Total number of infectigns on 20 leaves.I 


: Tennessee i I Improved ! Dwarl 

: GrecD Pod.* j Goddard. | Black. 


Number of flecks per square inch.. 

Number of infections per square inch. 


Percentage of total infection. 

Percentage of fertile infection... 
Percentage of abortive infection ^ 


3:722 ! 
116.34 ' 

1 

5.333:1 

140. 79 1 

2,411 
2,411 
234,97 

21 OT i 

'si. S 7 ’ 




10. 26 

31.91 

j 

37.87 

10. 26 

1 

ICO. 00 i 
100. CO 

i iiS. 68 
iiS. 68 

32. IS 

100. 00 


668 

452 

I, 120 

106. C4 

6. 30 
4. 26 
10. 56 


33-09 
19. 74 
40. 36 


^ Calculated trom total infection on each variety separately. 


Following inoculation the plants are removed to a moist chamber 
large enough to hold all 40 plants. They are kept here in a humid 
atmosphere for 24 hours and are then set on ihe greenliouse bench. 
The incubation period varied within limits of S to 14 days during the 
tests, the average time from inoculation to the rupture of the sorus 
being 10 days. The sori are visible two or more days prior to sporula- 
tion. The final data on infection are secured 7 days after sporiilation 
begins. This permits a full development of the initial infection on all 
varieties but comes early enough to exclude secondary sori which develop 
around the primary sorus in the more susceptible varieties (PI. 71, B). 
At this time the primordial leaves are removed from the plants and the 
number of infections (both sori and flecks) are determined. The typical 
infection obtained on susceptible varieties is shovm on a leaf of Dutch 
Case Knife in Plate 70, A, and abortive infection or flecking on a leaf of 
Improved Goddard in Plate 70, B. 

A photographic retouching frame has been found a great aid in the 
counting of infections. The leaves are placed on a glass plate in this frame 
before an incandescent lamp, and by this lighting it is possible to deter¬ 
mine the number of infections on both leaf surfaces at the same time, 
thus preventing the duplicationwhich wmuld result from separate counts. 
Infection takes place with equal readiness on both upper and lower sur¬ 
faces, but with the method of inoculation used the greater number develop 
on the upper surface. In many cases the sorus breaks through on botn 
surfaces. Before the count is taken the leaf surfaces are brushed with a 
cameFs-liair Brush to remove dirt and superfluous spore powder. Fob 
, lowing the count the area of the leaf is determined by means of a plani- 
meter, and the number of infections is reduced to a unit area basis in all^ 
varieties. 
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VARIATION IN DEVELOPMENT OF INFECTION 

The normal development on the more susceptible varieties ^ of which 
Tennessee Green Pod is an example, is described as follows from inocula¬ 
tion made on January 20, 1919. The inoculation was made at 5 p. m., 
and after 24 hours in the moist chamber the plants were placed on the 
greenhouse bench. The first evidence of infection was noted 136 hours 
after inoculation. The sori at this time were Ytrj faint indeed, being 
scarcely visible. In 143 hours they ivere evident on close examination 
as minute pale spots. They were quite distinct after 161 hours, had 
taken on a pale yellow color, and were slightly elevated above the leaf 
surface. At 183 hours the centers of the sori were orange-red in color, 
showing sporulation, and were conspiciously elevated. The epidermis 
had ruptured on some of the larger sori in 190 hours, and the uredinio- 
Spores were exposed. A ring of secondary sori develops around the 
primary sorus on the more susceptible varieties. 

Variations from the normal development are found in a number of varie¬ 
ties. These variations may be listed as follows: (a) production of flecks, (b) 
production of telia instead of uredinia, or sori containing both uredinio- 
spores and teliospores, (c) production of uredinia subnormal in size, (d) 
lengthening of incubation period. 

The term fleck is used to indicate an abortive infection. The flecks 
produced on different varieties vary somewhat in shape and size (PL 73, 
A, B). The flecks which develop on Tennessee Wonder (PL 73, C) are 
seen on both leaf surfaces, but are most conspicious on the lower surface. 
They are circular in outline, with a slightly irregular border. The spot is 
concave, the tissue being noticeably shrunken. A definite bronze-brown 
rim bounds the fleck. This is narrow in some flecks and may''extend 
well toward the center in others. An island of green tissue may remain 
in the center, and this may protrude slightly, suggesting the beginning 
of a sorus. In some varieties a small sorus is developed in the center of 
some of tlie flecks (PI. 69, B, /). The flecks on any variety are usually 
larger than the sori, their average diameter being from two to three 
times 'that of the sori. 

The development of flecks is characteristic of certain varieties and is 
considered an indication of resistance. No flecks have ever been seen on 
Tennessee Green' Pod or other very susceptible varieties, but they are 
regularly produced on certain others, notably Tennessee Wonder, Im¬ 
proved Goddard, 'and Hodson Green Pod. On some varieties all the 
infections develop into flecks, while on others there may be a considerable 
number of normal sori developed and only a few flecks. The percentage 
of flecking with the different varieties is shown in Table III. 
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Table III.— SuscepUbilUy of different varieties cf beans to rust infeciiofij with infec- 
Hon on Tennessee Green Pod as standard and rated 100 per cent 


BUSH BEANS, GREEN POD 


Expei- 

iment 

No. 


Variety. 


Average 

leaf 


Niimber of infections; 
per square inch. | 


Percentage of iEfection. 


Flecks. 


Sori. 

Total, i Alxjtrtive.! 

Fertile. 

9.82 

119.61 ! . .. 

119.61 

38.86 

116.31 I.; 

116.31 

36.92 

110.50 i. 

110 . 50 

7-79 ; 

101-43 !.: 

ICI .43 

65.88 , 

Sq .20 .i 

89.20 

28.76 i 

79.10 i 6 . 12 ! 

73*^3 

55*09 i 

57*29 >. 1 

57*29 


43*6o ;. 

43-60 

45*76 ; 

39*39 i.1 

39*39 


12a 

27 

27 

10 

5 

24 

8 


4 

20 _ 

21 

7 

^5 

19 

9 

19 

14 

18 

34 

32 

10 
24 

5 

12a 

24 

14 

29 

33 

15 
18 

30 


Pink. ... 

Snoy.'f;ake.. 

Pea. 

Tepar)". 

Pinto.. 

Lad}^ Wasliington. 

Red \'aleiitine. 

Blue Pod Naty. 

Red Kidney (Wells)... 

Emerald Beauty. 

Wliite Kidney. 

Burpee’s Stringless.... 

Full Measure. 

Wdiite Marrow. 

Warren. 

Horticultural, Dwarf. . 

Round Six Weeks. 

French’s Horticultural. 

Bountiful.. 

Bird Eye.. 

Yellow Ey’'e.. 

Loaigfellow. 

Giant Stringless- 

Black Valentine.... 

Mexican Red. 

Earlys Refugee. 

Row’s Champion... 
Improved Goddard, 

May’ Queen. 

Early Mohawk...... 

Refugee.. 

i Hodson Green Pod, 


Square 

Inches, 

4*52 

2.67 
2.51 
2.28 
4-43 
4.05 
4.42 

3.^5 

10.58 
10.47 , 

S.41: 
6.69, 
12.29 I 

6.23 j 
II.S 6 I 

7*34 ! 
6.86 ! 
S.9S i 

8.24 ' 
6.31 

9-54 

8 . 6 :; 

7*69 

4.SS 

6.79 

7.07 

6.68 

11.75 

6.25 
11,86 

5*99 

12.13 


87 


=;6 


38.52 



11.34 i 

33*35 i 

10 

12.62 ! 

53*01 1 


37-19 I 

32.01 1 

16 ’ 

2,92 ; 

25-15 i 

4.91 

52-77 

47 

41.37 

22 . 4 c i 


3 - 5 S 

14.54 1 

15 

2.96 

16.36 { 

CO 

1.69 • 

13.96 i 


.86 

8.62 ! 


.69 

6.97 ! 


-50 

r .94 

6 . 50 : 
4.98 

59 

i 1.15 j 

21.57 j 

16 

; .02 ! 

1 2.19 1 

84 

.02 

f 2.21 

68 

.01 ' 

i 6173 1 

26 


1 32.15 ! 

97 


10.83 1 

95 


10.12 

51 


7-831 

14 


s-si; 

S W' 

’AX POD 



5-^4 

I 39-^5 


; 39*19 
15*29 

27,91 
36.68 


94.47 

87.50 

97*52 

99.51 

IGO .00 
100.00 
100.00 
100 .00- 
100.00 


36.58 

33*35 

32.28 

32.01 

25*15 

19.94 

18.97 

14.54 

11,78 

S.77 

8.62 

6.97 

6.50 

4.98 
1,19 

,24 

.05 

.04 


29 

33 


22 

22 
26 

23 

22 

0*2 


23 

26 


Keenev’s Rustless. 

6-97 i 

Dwarf Black. 

5*30 

Scarlet Wax. 

10.13 

Currie. 

8.22 

California. i 

6.38 

Webber.... J 

7.06 

Fiagolet..1 

7.28 

Crystal X\%ite.| 

3.10 

Challenge.! 

4.91 

Ward well. 1 

6 . 6 s 

New Pearl. 

7*56 

Hodson \¥ax. 

; 6.68 

Detroit. 

1 S.S7 

Golden E^'e. 

1 


6.51 
4.20 
.66 
X8.7S 
10.18 
12.47 
12. iS 

5*19 

4 • 80 

6.58 

3.22 

5,88 

X.S5 

i.oS 


12,03 : 38.89 ' 
6.30 : 33.09 
2.23 I 15 -SS I 
1.84 i 43,26 , 
.I 65.46 ^ 

j 49 •53 i 

...... I . - 4 

. 29.93 

.; 26.76 

.i 20.07 

..j 17 . 60 

IX. ^ J 
9.21 


\ 

35*15 I 25.24 

40.36 ^ 19,74 

23.11 : 12.25 

91.09 ; 3.17 

100.00 j .. ...... . 

100.00 I ....... . 

ICO .00 I ....... . 

100.00 ; .. 

100.00 j .. 

100.00 i , 

100.00 :.,, 

100.00 . .. 

100.00 I , 
100.00 ___... 
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Table III. StiscepHbility of different varieiies of beans to mst infection,'udik infec¬ 
tion on Temmsee Green Pod as standard and rated lOO per cent —Continued 

POLE BEANS, GREEN POD 


Exper¬ 

iment 

No- 


Variety. 


Average 

leaf 

area. 


T 


29 

20 

32 

II 

28 

9 

26 

28 


13a 

7 

13a 


Square 

Inches. 


McCaslan. 

Virginia Cornfield. I 

Cut Short.! 

Kentucky Wonder.... 

Biitcli Case Knife. 

Royal Com. 

Powell’s Prolific. 

Creaseback.. 

hazy Wife. 

Hoiticulttiral,, Pole_ 

Brockton. 

Tennessee Wonder.... 
Marbiebead. 


7.04 
4.II 
5*30 
7.46 
5 -S 9 

5-03 

5-90 

4*03 

7.21 

9.78 

10.95 

10.09 

8.76 


Number of infections 
per square inch. 

Flecks. 

Sori. 


37-87 


36.07 


3-^9 


5-75 


36.S5 


146.04 


6.82 


24.32 


2.68 


2.12 

0.21 

*05 

63.10 

.68 

, 10 

.01 


Percentage of infection. 


Total. 

Abortive. 

Fertile, 

118.68 


118.68 

106.09 


106.09 

104.61 


104.61 

So. 87 


80,87 

77.50 


77-50 

66.97 


66.97 

58.14 


58.14 

51-12 


! 

13-74 


' 13*74 

10.87 


! 10.87 

6.77 

80.70 

1.31 

54-91 

98-93 

*59 

2.86 

90.00 

.26 

i 


POLE BEANS, WAX POD 


Golden Cluster. 

j Kentucky Wonder Wax 

i Mont d'Or. 

i Everbearing. 

; Indian Chief. 

5*84 

5*73 

9.60 

9.80 

10.52 

3.81 
•45 1 

4.80 

32*32 

71.22 

67.94 

9*75 

1.32 

1 i 





In general the flecks are visible some time before the sori are evident. 
Accompanying the ixioculation of Tennessee Green Pod on January 20, 
described previously, in which 143 hours elapsed before the “anlage*' 
of the sori were plainly visible, flecks were visible on Hodson Green Pod 
in 112 hours and on Improved Goddard and Tennessee Wonder in 123 
hours* 

On certain varieties the immediate results of the inoculation witli 
urediniospores is seen in the production of telia or of mixed sori. This 
is particularly true'of Black Valentine and of some of the wax-podded 
varieties, notably Challenge, Flagolet, Golden Eye, Pencil Pod, Keeney, 
Wardweli, and New Kidney. 

The size of uredinia will vary to some extent on a given variety accord¬ 
ing to the degree of infection and crowding. The average size of the 
sorus on different varieties varies greatly, however, ranging from about 
180 ju on Dwarf Black Wax to 600 ii on Tennessee Green Pod (compare 
A,and B, PI 72, and a and d, Plate 69, B). 

^' The duration of the incubation period is modified by environment, 
.specially temperature, but in different varieties under similar condi¬ 
tions, a'variation of several days may occur. Such' variations have 
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been noted repeatedly. In order to have more definite data on this 
point two plants each of 72 varieties v’ere inoculated on March 29, 1920^ 
and were held under similar conditions. Thirty-seven of the varieties 
produced uredinia only, 3 both uredinia and flecks, 27 flecks only, and 
5 neither sori nor flecks. The number of days .elapsing before the ure- 
dinial “anlage” were visible varied from 6 to 10 on different varieties, 
and the time of sporulation from 10 to 15 days. The '‘anlage'' were 
visible on 6 varieties on the sixth day, on 9 varieties on the seventh day, 
on 22 varieties on the eighth day, on i on the ninth day, and on 2 on the 
tenth day. Sporulation ensued on 6 varieties on the tenth day, on 30 
on the eleventh day, on 2 on the twelfth day, on i on the fourteenth, and 
on I on the fifteenth. The number of days between the appearance of 
the “anlage” and sporulation varied from two to five, the mean being 
three days. As a general rule the sorus develops more rapidly on the 
more susceptible varieties than on the more resistant. The flecks on the 
resistant varieties were visible, as a rule, sooner than the “ anlage on the 
susceptible varieties. Flecks were observed on 9 varieties on the fifth 
day, on 16 on the sixth da}^ on 4 on the seventh, and on i on the eighth. 

RELATIVE SUSCEPTIBILITY OF BEAA^ VARIETIES 

In our previous publication (4) a number of varieties of beans were 
classified according to their susceptibility to rust under field conditions. 
Four classes were recognized—^rust-free, rust-proof, rust-enduring, and 
rust-susceptible. In this work we have attempted to obtain a more 
definite expression of susceptibility by using a susceptible variety as a 
standard and expressing the relative susceptibility of other varieties in 
terms of that standard. A standard dosage is employed and the relative 
susceptibility of a variety- is indicated by the percentage of infection 
obtained, modified by the amount of flecking, the size of the sorus, and 
the length of the incubation period. 

The determination of the degree of infection is based on the assump¬ 
tion that all varieties receive approximately the same number of uredin- 
iospores per unit area of leaf surface exposed as the standard. The 
resultant infection is then determined by count and is calculated as 
average number of infections per square inch. , The number of sori 
obtained on Tennessee Green Pod is then rated 100 per cent, and the 
number of infections on the other varieties in the test is reduced to 
percentage of the standard. The percentage of infection is expressed 
as to'tal infection (both sori and flecks), fertile'infection (sori only), and 
abortive infection (flecks). Total infection and fertile infection are in 
terms of the standard, but abortive infection relates only to the variety 
in question and is the percentage of the total infections aborted on that 
variety. The details of this method are illustrated in Tables I and II. 
Table III is a summary of the experiments and shows the. degree of 
infection obtained on the 64 varieties'tested. , , 
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The varieties are gi'ouped for convenience according to the dwarf or 
rimnitig habit and the color of the pod. Of the 46 varieties of dwarf 
or bush beans, 32 have green pods and 14 wax pods. Of the 18 varieties 
of pole beans, 13 have green pods and 5 wax pods. 

The very marked variation in the susceptibility of the different varie¬ 
ties under the conditions of the experiments is evident. They are 
arranged in the different groups according to susceptibility to infection, 
the production of sori (percentage of fertile infection) being used as the 
basis for comparison in those varieties which produce sori rather than the 
percentage of total infection. 

In Table IV the 64 varieties are grouped under the four classes, and 
the comparative susceptibility of the classes as a whole is shown. It is 
apparent that pole beans with green pods constitute the most susceptible 
class and bush beans with wax pods the least susceptible, that pole 
beans are more susceptible as a class than bush beans, and that green-pod 
varieties are more susceptible than wax-pod varieties. 

Considering that the production of sori is an indication of greater 
susceptibility than the production of ffecks, it is seen that 67 per cent 
(12 in ,18) of the pole varieties produced sori unaccompanied by flecks 
as compared with 35 per cent (16 in 46) of the bush beans, while only ii 
per cent of the former class produced flecks unaccompanied by sori as 
compared with 33 per cent of the latter class. Comparing green-pod 
varieties with, wax-pod varieties, the percentage with sori only is 58 as 
against ii, and for flecks only the percentage is 11 as against 63. Com¬ 
paring severity of infection on individual varieties, it is seen that the 
fertile infection was 50 per cent or more of the standard in 55 per cent 
of the pole varieties as against 15 per cent of the bush varieties, and in 
33 per cent of the .green pods as against 11 per cent of the wax pods. 

Ta 3X.U i V .—Stiscepability of different dosses of bean z>arietks to rust 


Busn. ! Pole. 


Number of varieties tested... 1 

Number bearing sari only ...! 

Green. 

: Wax. 

1 Crecii. 

Wax. 

16 

II 

5 

■ H 

10 

3 

5 

2 

Number bearing sori and ilecks...i 

4 

10 

Number bearing flecks onlv.! 

2 

X 

Number showing no infection.i 


Number showing fertile infection 50 per cent or ; 





more of standard....i.1 



8 

2 

! 

i 




CORSlUUAtlOX CHARACTERS AND SUSCEPTIBIEITy TO 

RUST 


In order to determine whether susceptibility to rust is associated with 
any particular color pattern' or', shape of ..'the; seed, a study of the, seed 
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characters of a number of varieties was made. The data on seed char¬ 
acters have been drawn largely from Jarvis (6), supplemented by obser¬ 
vations when necessar}^ The details of this study are shown in Table 
V. Only two classes with respect to susceptibility are provided j the 
rust-enduring, rust-proof, and rust-free varieties all being classed as 
resistant. Although it is probably impossible to draw conclusions that 
W'Ould not be subject to exceptions, nevertheless the following general 
statements can be made for the 51 varieties included in the study. 
With respect to color, all solid red or red mottled beans are rust- 
resistant. With respect to shape, all marrow beans are rust-resistant. 
White beans seem to be more susceptible as a group than black or brown 
beans, and pea beans more so than medium or kidney. 

variabiuty of varieties 

It is of interest to note to what extent the individual plants of a 
variety differ in behavior to rust infection. Although the number of 
plants of a variety under observation in the experiments is not large 
enough to justify more than tentative conclusions, sufficient additional 
evidence from field trials is available to indicate that the stability or 
variability of a variety as indicated below is approximately coiTect. 
The majority of varieties studied were stable with respect to rust infec¬ 
tion, all individuals responding in the same way. The standard used, 
Tennessee Green Pod, is especially reliable in this respect. Of the 340 
plants inoculated in the experiments all developed sori, and not a single 
fieck was observed. The stable varieties are grouped as follows, accord¬ 
ing to the character of the response to inoculation. 


Table V .—Correlation between seed characters and susccptihiiify to rust" 


Color of seed. 

Pea. 

Medium. 

3iarro'»v. 

Xidney. 

Totals. 

Miite ..... 

2 

7 

1 

2 

2 ‘ 

^ '' 

I 

5 

' rS 

veliotv eye. 



a i 


2 




2 1 


'2 

Black.. 


2 

t 


3' 



3 

I 


4 

Brown..... 


I 

2 

3 

5 



I 


5 

1 

Vellmv, hro'un rino'. . 


I 


I 

2 



I 


" i 

2 

Red. 



; 4 

k 

a 




4 

I J 

5 

Red oil favrn or buff ground. 



3 

1 

S' 

s 

Pink . 1 

i 

1 

0 ^ 

i 

1. 


1 0 

1 

Ktppir OTi 'fpiTUti 01* "hlliT < 


! I 

i 

4 

1 

4 

JZlXvVv li, KJll XdWJLir KfX UU-Xi j 


I 


4 

1 ^ 

ground. 


i 




Total.... 

2 

i 5 

14 

15 

1 36 

9 

7 

1 ^ 

1 14 

21 

j 51 


^ The denotalnator shows the total number of varietif^s, tbs numerator the number that are rust-resistant. 
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" Ahh Thmrs PRODUCING SORI ONUY, NO FuECKS.—Piiik, Snowflakc, 
Na-\^^ Pea, Tepary, Pinto/Red Kidney, White Kidney, Full Measure, 
Round Six Weeks, Longfellow, Giant Stringless, McCaslan, Virginia 
Cornfield, Cut Short, Kentucky Wonder, Dutch Case Knife, Royal 
Com, Powell’s Prolific, Creaseback, Golden Cluster, and Kentucky 
Wonder Wax. 

Ahh PLANTS PRODUCING plHcks ONLY, NO SORI. —Refugee, Early 
Mohawk, May Queen, Improved Goddard, California, Webber, Flagolet, 
Challenge, Wardwell, New Pearl, Hodson Wax, Detroit, Golden Eye, 
and Mont d’Or. 

All PLiVNTS producing both SORI x\ND flecks, the SORI BORNE 
either within the flecks or intermixed with them. —Dwarf 
Black WaXj Burpee’s Stringless, Tennessee Wonder, and Black Valentine. 

All plants clean, producing neither sori nor flecks.— 

Indian Chief. 

The individual plants of the remaining 25 varieties were somewhat 
variable in response to rust inoculation. This is shown in Table VI. 
In the varieties Blue Pod Navy, Yellow Eye, Lady Washington, White 
Marrow, and Bird Eye, a large percentage of the individuals developed 
sori and a small percentage showed no infection, while these conditions 
were reversed in Lazy There were no intermediate or flecking 

plants in any of these. 

Tab^E VI. —Response of individual plants of unstable varieties to rust inoculation 


Percentage of plants showing— 


\'ariets'. 


Blue Pod Na\y. 

Yellow Eye... 

Emerald Beauty. 

Lady Wasliiiigton. 

WTiite Marrow. 

Bird Eye.... 

May Queen. 

Horticultural Pole. . .. 

Bountiful. 

Horticultural Dwarf... 

Red Valentine. 

Warren.'... 

French’s Horticultural 

Keeney.... 

Brockton... 

'Currie... 

Early Refugee. 

Marblehead... 

Mexican Red. ........ 

Lazy W^ife.. 

Scarlet Wax. 

Low's Champion. 

Hodson Green Pod- 

Everbearing.. 


Sori only. 


Sori and 
Seeks, 


95 

95 

90 

90 

90 

90 

60 


10 


40 


Flecks 

001 /. 


Clean. 


5 

5 


10 

10 

10 


55 

50 

45 

40 

35 

30 

30 

20 

10 

10 

10 

10 

S 


5 

25 

55 

xo 

70 

70 

5 

25 j 

5 

55 

35 

50 

5 




50 

30 

6$ 

25 


10 

60 

20 

10 

40 

40 


so 

40 

95 


90 

40 

5 


10 

60 

95 

20 


So'' 
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The greatest variability is sho\ra in the varieties Horticulttiral Pok^ 
Horticultural Dwarf, Brockton, E^arly Refugee, Marblehead, and Mexican 
Red, All had a considerable percentage of clean plants, some that 
developed sori, and some intermediates. 

SIZ^ OF SORUS AS AN INDEX OF SUSCEPTIBILITY 

In addition to the degree of infection and the production of flecks, the 
size of the sorus produced on different varieties also provides an index 
of relative susceptibility. x\s noted previously, great variation exists in 
the size of the sori produced on different varieties. The size of the sorus 
in turn is an index to the spore production of the sorus, and any marked 
curtailment in the number of spores produced may readily be conceived 
to be a limiting factor of considerable importance in the propagation of 
the pathogene. The production of a small sorus is evidently to be con¬ 
sidered in the same light as the production of flecks—^as a response to an 
unfavorable medium. 

The average size of the uredinium on each variety has been determined 
by measurement of a number of uredinia. The relative spore-producing 
capacity is then determined by calculating the number of urediniospores 
produced _ in a layer one spore in thickness covering the sorus. This 
does not represent the total spore-producing capacity of the sorus but 
gives a basis for comparison between varieties. The main objection to 
this expression is that it does not magnify the differences between the 
more susceptible and more resistant varieties sufficiently. It seems 
evident from examination that the more susceptible varieties produce 
more layers of spores in a uredinium than the more resistant ones. No 
differences have been found in the size of the urediniospores borne on 
different varieties. 

In determining the number of spores produced by a sorus, the number 
in the diameter is determined by calculation. The urediniospore is 
approximately 20 ji in diameter, and 30 such spores would be contained 
in the diameter of a sorus 600 jx broad. The square of the number in 
the diameter multiplied by 0.7854 gives the number in one layer covering 
the sorus. The sorus on Tennessee Green Pod, which is one of the 
largest, averages 600 p. in diameter and, th^efore, has a spore-producing 
capacity of 706.S spores in one layer, while that on Bird Eye, averaging 
300 4, has a spore-producing capacity of only 176,7. The spore- 
producing capacity of the sorus on different varieties has been reduced to 
percentages for purposes of comparison. The sorus on Tennessee Green 
Pod is again used as the standard, and its spore-producing capacity is 
rated 100 per cent. The varieties on which data were obtained are 
grouped in Table YII according to spore production. 

It will be noted in a comparisonbetweenTables VII and III that varieties 
wilh high rating in percentage of fertile infection also show rate high'in' 
spore-producing capacity. Tepary is the only variety rating^ above '59' 
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per cent in fertile infection which falls below 50 per cent in spore- 
producing capacit}^ while three varieties, White Marrow, Full I^Ieasure, 
and Keeney’s Rustless, rating below 50 per cent in fertile infection, have 
spore-prodncing capacities in excess of 50 per cent. In general it can be 
stated that the production of large sori is an indication of greater sus- 
ceptibilit}" to infection than the production of small sori. 

TABrS VII .—Relative spore-producing capacity of the uredinia on different -varieties 


spore-producing ; 

capacity. ; 

V ariety. 

Per cent- 

Number. ; 


100 1 

707 i 

Tennessee Green Pod, Navy Pea, Stiotvfiake, Lady Washington, 
McCaslan, Virginia Cornfield, Dutch Case Knife, PowelPs 
Prolific, Creaseback, Cut Short, Golden Cluster. 

70 i 

491 i 

Pinto, Wliite Marrow, Kentuck}^ IVonder, Royal Coni. 

54 j 

3S0 

Pink, Red Valentine, Full Measure, Keeney’s Rustless. 

44 

3^4 

Tepary, Blue Pod Nawy Red Kidney, Wfiiite Kidney, Horti- 
i cultural Dwarf, Round Six Weeks, Longfellow, Low'’s Champion, 
Brockton, Tennessee Wonder, Kentucky Wonder Wax. 

. 32 ' 


Early Refugee, Giant Stringless, Bountiful, Horticultural Bole. 

25 

1 ^77 

Warren, Bird Eye, French’s Horticultural, Black Valentine, 
Marbiehead, Currie. 

16 

1 1x3 

1 

Yellow Eye, Burpee’s Stringless, Mighty Nice, Mexican Red. 

II 

79 

Scarlet Wax, Crt^stal White, Dwarf Black. 

1 


susceptibility of bean varieties under greenhouse con- 

DITIONS AS COMPARED WITH FIELD CONDITIONS 

The question is naturally raised in connection with greeiiboiise ex¬ 
periments as to what extent they sen-^e as a reliable index of field be¬ 
havior. All the varieties of beans used in our greenhouse work have 
been grorni in the field, most of them during two seasons, where they 
have been subjected to uniform exposure to rust infection by inoculation. 
The results of the first season’s field tests have been described in a pre¬ 
vious pa.per (4). In the 1918 tests the varieties were classified according 
to relative susceptibility in four groups, as fcllotvs; Susceptible, rust- 
enduring, rust-proof, rust-free. Yuelds ivere obtained only for the 
dw^arf varieties commonly growm for dnv^-shell purposes and from the 
pole beans. In the 1919 tests some of the most susceptible varieties 
were eliminated and some additional varieties were added. This vSeason 
was .particularly favorable for the development of anthraciiose, and 
some of the varieties suffered severe losses from this disease and to a 
' 'lesser degree from banterial blight.. ' With respect to rust infection,'the 
varieties respond hi the same;;^yajr:during the two seasons, but the effects' 
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of tlie rust attack were not so noticeable in 1919 as in 19iS. The sus¬ 
ceptible varieties were severely rusted, but defoliation was not so severe 
until later in the season, and their yield was better in comparison wdth 
that of the more resistant varieties than in 1918. Ko data on the cur¬ 
tailment of the yield of the pole varieties as determined by rust infection 
could be obtained because of the severity of anthracnose on certain 
varieties. 

The greenhouse and field behavior of the diy'-shell varieties is com¬ 
pared in Table VIII, and that of the pole varieties in Table IX. The 
varieties are listed according to susceptibility in the greenhouse. 

Of the 17 varieties in Table VIII the first 7, which w'ere classed as sus¬ 
ceptible in the field, all rated above 70 per cent fertile infection in the 
greenhouse, ^vhile the 9 varieties in the resistant classes—enduring, 
proof, and free—^all fell below 50 per cent fertile infection. Robust, 
not included in the greenhouse tests, w^as classed as rust-proof in the 
field and outyielded all other varieties in 1919. This is the only small 
white bean in our tests, with the exception of Blue Pod Xa\y, which lias 
successfully withstood the attack of rust. Robust seems to be an 
especially desirable variety in that it combines resistance to mosaic, as 
shown b}" Reddick and Stewart (0), with rust resistance, attractive 
appearance, and desirable commercial type. Bird Eye, grown for the 
first time in 1919, ivas classed as rust-free and was second to Robust 
in yield. This variety is similar to Yellow Eye in seed characters and 
is popular in some localities in Virginia. It is attractive and of good 
quality and seems to be vert’^ dependable. The yields in 19 iS are more 
representative of the curtailment of production by rust than those in 
1919, since anthracnose was severe in the latter year. The yields of 
Improved Goddard, Horticultural Dwarf, and Vliite Kidney were 
reduced materially by anthracnose. Bird Eye and Well’s Red Kidney 
were especially free from anthracnose. Robust was quite free from an- 
thracnose in 1919 but was severely injured in 1920. 

Of the 18 varieties of pole beans listed in Table IX the S which were 
classed as susceptible all exceeded 50 per cent' fertile infection in ,the 
greenhouse. All the rust-proof and rust-free varieties fell below 50 
per cent; but the two rust-enduring varieties. Golden Cluster and Ken¬ 
tucky Wonder Wax, rated 71 and 68 per cent. The yield of all of the 
susceptible varieties was severely curtailed by the rust attack in 191S, 
5 of hiem being complete failures (PI.' 71, A). McCaslan was not grown 
in 1918 but was seriously damaged in 1919. Xo yield data for 1919 are 
given, as explained previously, because of the severity of anthracnose. 
This injury was especially severe on Indian Chief, Everbearing, Mont 
d’Or, Marblehead,, Brockton, and Laz}^ Wife. 
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Tabl^ YIII.— Com-parison between greenhome ami field behavior of dry-shell beans 



Percent¬ 
age of 
fertile 
infection 
in green¬ 
house. 


Field. 

Variety. 

Susceptibility ! 

Yield of beans. 


to rust. 1 

X91S. 

1919- 

Pink. 

TOC) 

! 

Susceptible. . 

.... _do.i 

Gm. 

^ 14 

0- eS6 

“313 

Gm. 

Si^owflake. 



Navy Pea. 

TXT 

.do. 

^2,390 

Tepary... 

TOT 

.do. 

ih 0 

Tennessee Green Pod. 

lOO 

.do. 

« 270 


pinto. 

89 

74 

(^) 

44 

39 

33 

25 

1.do. 

-53 

0633 

. 

Dady Washington. 

Robust. 

.do. 

Proof. 

“2,174 

9,976 

4)370 

4,085 

2 ,960 

4)024 

Blue Pod Navy.' 

Red Kidiiev. 

Enduring.... 
Free. 

1,121 
1,852 
68 2 

White Kidney. 

.do.* 

White Marrow. 

Enduring . . . 

1,119 

Horticiilttiral Dwarf. 

19 

Proof. 

1,305 

62,730 

4.918 

Bird Bye.. 

i Free. 

Yellow Eye. 

V 

Proof. 

93S 

1,090 

61S 

3^250 

3.185 

61,310 

Mexican Red. 

i 

— I 

Free. 

Improved Goddard. 

— I 

.do. 


Severity of 
anthracnose. 


Slight. 


Do. 
None. 
Moderate. 
None. 
.Severe. 
.Slight. 

Very severe. 
None. 

Slight. 
Moderate, 
Ver>' severe. 


« Yield reduced materially by rust. 
l) Yield reduced materially by anthracnose. 
c Not tested- 


TablS IX .—Comparison between greenhouse and field behavior of pole beans 


t'ariety. 

. 

Percentage 
of fertile 
infeclior;. 

Field rating. 

Yield 
in 191S. 

Severity of an- 
lliracnose iu 191:9, 

McCaslan. 

II 9 

106 

Susceptible., 

Gm. 

Slight. 

Virginia Comheld. 

.do. 

. 

0 

Cut Short .. 

lo:; 

.do. 

0 


Keiituclrr Wonder... 

Dutch Case Knife. 

81 

tS 

.do. 

109 

159 

26^ 

Moderate, 

Slight. 

Do, 

Golden Cluster.. 

71 

Enduring. .. 

Kentucky Whnder W^ax.. 

68 

..,..do....... 

216 

Do. 

Ro^’al Com. 

67 i 

Susceptible.. 

0 

PowelPs Prolific.i 

cS ' 

.do. 

0 

Do. 

Creaseback..... 

■ 

i 

.do. 

0 

hazy "Wife.! 

i *4 ! 

! Variable. ,. . 


Vety^ severe* 
Slight. 

Very severe. 

Horticultural Pole. i 

Brockton.'. 

II 

I 

Proof. 

i Free. 

807 

55 ^ 

7SI 

371 

. m 

■ ’2'^!' 

Tennessee Whnder...... .., 

—■ I 

i Proof .... 

Marblehead....... 

— I 

i Free. 

Severe. 

Very severe. 
Do. 

Mont d’Or... 

0 

i.....do....... 

Everbearing... 

0 

i.do. 

Indian Chief.. 

0 

1 .do... .... 

Do. 






Tkere is in general a very satisfactory^ agreement between the green¬ 
house and 'field behavior of bean varieties; and the greenhouse test, 
properly interpreted, seems to, aford a reliable basis for predicting the 
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relative susceptibility of a variety in the field. The greenhouse test is 
seemingly a more severe one than the field test. Some varieties which 
have developed a few sori in the greenhouse have remained entirely mst- 
free in the field. It seems to hold true that a variety which develops 
less than 50 per cent fertile infection in the greenhouse does not suffer 
material injiiry from rust in the field, and conversely that a variety 
which exceeds 50 per cent infection in the greenhotise may be expected 
to suffer material injury in the field. No exceptions to the first rule 
have been noted and only two apparent exceptions, Golden Cluster and 
Kentucky Wonder Wax, to the latter. Both these varieties were 
conspicuously rusted in the field, but both yielded fair crops. It is 
impossible to state the degree of injur}^ sustained by these varieties, since 
no rust-free plants ivere available for comparison. 

CURTAILMENT OF YIELB DUE TO BEAN RUST 

Attempts have been made to obtain data on the amount of reduction 
in yield caused by bean rust, but the nature of the patliogene makes the 
securing of reliable data almost impossible. Yield data from rusted 
and rust-free plants should preferabty be obtained from alternating rows 
in the same plot, but it is impossible to maintain rust-free plants of 
susceptible varieties in the same plot vrith rusted plants. It was thought 
that the difficulty might be overcome by growing both resistant and 
susceptible varieties in separate isolated rusted and rust-free plots, the 
resistant varieties being used as a criterion of the relative crop-producing 
capacities of the different soils. 

A planting of this type was made in 19iS with Improved Goddard as 
the resistant variety and Na\y Pea and Tennessee Green Pod as the 
susceptible varieties. The soil of the two plots was similar in physical 
properties and apparently so in fertility. All plants in the rusted plot 
were inoculated with urediniospores, and a general and severe infection 
resulted on the rows of susceptible varieties. The rust-free plot was not 
inoculated. It became infected naturally later in the season but not 
early enough to cause any material reduction in yield. 'Unfortunately 
the rust-resistant variety was so severely attacked by anthracnose that 
no reliable yield data could be obtained. The difference in growth and 
yield of the rust-susceptible varieties on the two plots was very marked, 
almost no beans being produced in the rusted plot. .The yields of shelled 
beans for single rows 65 feet in length were as follows: Tennessee Green 
Pod, rust-free plot 267 gm., rusted plot 9 gm., difference 95 per cent; 
Navy Pea, rust-free plot 494 gm., rusted plot 95 gm., difference 81 
per cent. 

A similar test was made in 1920 with three susceptible and three 
resistant varieties. The two plots were on the same piece of land but^ 
wtre separated by a strip of com. Rust was very abundant on tlie sus¬ 
ceptible varieties in the inoculated plot,, while the control remained irep: | 
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throiiglioiit the season. The injury from rust was not so great as in 1918, 
apparently on account of seasonal differences; and the plants in the 
rusted plot retained their leaves longer and matured a fair crop. The 
yields are shown in Table X. The figures are in grams of shelled beans 
for single rows 60 feet in length and are averages of two rows for each 
variety. It will be noted that the three susceptible varieties all show a 
decrease in yield on the inoculated plot, vrhile the three resistant varieties 
show an increase. It seems from this that the soil of the inoculated plot 
was better and that greater differences in the yield of the rusted and 
rust-free rows of susceptible varieties would be expected on plots of equal 
fertility. The three susceptible varieties show an average decrease of 
28 per cent in the inoculated plot, while the three resistant varieties show 
an average increase of 31 per cent. It seems apparent that a reduction 
in yield of 50 per cent or more may be expected from a severe rust attack 
on susceptible varieties. 


Table X, — Yields of rusi-s-uscepiible and resistafit varieties of bea^is in- rusted and rust- 

free phis 


1 

Variety. | 

i Susceptibility 
j to rust. 

, ! 

Rust-free 

plot.i 

Rusted 

plot.i 

yield of 
rusted plot 
ill percent¬ 
age of rust- 
free plot. 

Tennessee Green Pod. 

Pinto.... ... 

! 

1 Susceptible’.. 

1.do. 

970 

530 

21- 

' 55 

1 56 

1 95 

' 104 

' US 

15^ 

Navy Pea. 

i.do.i 

J 

I, 007 

959 

2,325 

2,091 

3, 256 

Bird Eye. 

Yellow Eye... 

: Resistant. 1 

!.do.I 

2,243 
ij 466 
2,162 

Red Kidney. 

;.do.i 

1 1 

1 1 


^ Espr-essed in grams per 6ofoot row. 

BIOLOGIC FOIUIS OF BEAN RUST 


We have made no extended study of the occurrence of biologic forms 
of the bean-rust fungus, but it seems desirable to record such observations 
as have been made in connection with the studies on susceptibility of 
varieties. 

The strain of rust from the kidney or garden bean which we have 
used in our studies has been tested on a large number of horticultural 
varieties of the kidney bean (Phaseolus vulgaris), on 9 varieties of the 
lima bean, (P. lunaius L.), i variety of the tepary bean (P. acutifoUus latifo- 
Ims D. F. Freeman), 18 varieties of cowpeas (Vigna sinensis (h*) EndL), r va¬ 
riety of the broad or horse bean (Viciafaba), and i variety of asparagus bean 
{DoHchos sesquipedalis E.). Infection has resulted on many varieties of 
the kidney bean, as recorded previously, and also on the tepary bean. 
Sight infection only was obtained on i variety of lima bean in the green¬ 
house, but the other 8 varieties tested remained freefrom infection in br#1i 
• greenhouse and field. ' The infection in this case was slight and con- 
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sisted of small telia borne in the centers of flecks. No infection was 
obtained' on the horse bean, the asparagus bean, nor on any variety of 
cowpea. 

A second form distinct pathologically from the foregoing but similar 
morplioiogically was isolated in 1919 from leaves of cov^eas, variety Black 
Eye, which were sent us from California by Mr. D. C. Milbrath. It has 
been cultured in the greenhouse on plants of this variety and has been 
used for both greenhouse and field inoculations on a number of varieties 
of kidney beans and 18 varieties of cowpeas. Infection has been ob¬ 
tained on only the Black Eye variety of cowpea and on two similar strains, 
Extra Early Black Eye and Ramshom Black Eye. No tests have been 
made on lima, horse, tepary, or asparagus beans. 

These two strains may be designated the kidney-bean strain and the 
cowpea strain. They are distinct biologically, but their host ranges 
are as yet imperfectly known. It is possible that more than one 
biologic form occurs on kidney beans, but such evidence as is at hand 
would indicate that the strain which occurs commonly on kidney beans 
in the Unitec! States has the same host preferences as the one we have 
studied. The behavior of varieties in Maine, as observed by Morse (p), 
agrees in all essentials with our data, and the general mention of rust 
on Kentucky Wonder in other States points to this conclusion. It 
seems probable that a distinct biologic form occurs in South America. 
Gassner (5) records rust as severe on Mont d'Or and Flageolet, two- 
wax-pod varieties, while our strain produced flecks only on these. It 
is possible, however, that the varieties grown under these names by us 
were distinct from those used in South America. Gassner obtained 
his seed from Europe. 

SUMMARY 

A technic of inoculation and method of record is described which 
makes possible the expression of the relative rust susceptibility of 
varieties of beans in terms of percentage of a standard. 

Variations from the behavior of the susceptible standard which occur 
in different varieties following inoculation with urediniospores in the 
greenhouse are of the following types: (a) reduction in number of 
infections, (b) reduction in the size of the uredinitim, (r) abortion of 
infection or flecking, (d) immediate production of telia instead of 
uredinia, (e) lengthening of the incubation period. These variations 
are considered as responses to an unfavorable medium' and as expres¬ 
sions of resistance. 

Of the varieties studied, those with indetemiinate growth (pole beans) 
were more susceptible as a class than those with determinate growth 
(bush beans). Green-pod varieties were more susceptible as a' class 
than wax-pod varieties. With respect to color of seed all varieties 
'Wth solid red or red mottled ■ seed', were rust resistant, while varieties 
with white seed were more' susceptible as a class' than those' of anj;, 
4^270°—. 9,1 , ' ' ' 'j,,'": 
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other color. With respect to form of seed all varieties of the marrow 
type were rust resistant and those with pea beans constituted the most 
susceptible class. 

Little or no variation in the susceptibility of individuals was found 
in the majority of the varieties studied, but marked variation existed 
between individuals in a few varieties. 

Field tests which have supplemented the greenhouse tests have 
demonstrated that the greenhouse test affords a reliable index of the 
field behavior of a variety with respect to rust infection. An attack 
of rust on susceptible varieties in the field may result in a curtailment 
of production amounting to 50 per cent or more, and in very severe 
attacks to total loss. 

The existence of two biologic forms of the bean-rust fungus has been 
demonstrated, but their host ranges are as yet imperfectly known. 
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PLATE 69 

A, —^The frame used in the inoculation of bean plants in the greenhouse, filled 
with plants in position for atomization. 

B. —Disks of. leaves varieties of beans photographed after extraction of 
chlorophyll, shoving variation in response to rust inoculation in the greenhouse. 
All'inoculated at'the same time and incubated under similar conditions, a, Ten- 
ne^e Oreen Pod,' large uiedinia; b, McCaslan and c. Navy Pea, similar to a; d, 
Yellow'Eye, small uredinia; e, Frenches Horticultural, small uredinia bordered by 
flecks; /, Tennessee Wonder, small uredinia, uredinia bordered by flecks and flecks, 
'p, New Pearl, large flecks; h, Improved Goddard, small flecks; i, Horticultural 
Pole, neither sori nor flecks. 
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PLATE 70 

A. —Normal rust infection on a leaf of Dutch Case Knife developed in the green-, 
house. Number of uredinia 544, leaf area 7.93 square inches, sori per square inch' 
68.6., Photographed 16 clays 'after inoculation. Approximately natural size, 

B, Abortive rust infection on a leaf of Improved Goddard. Number of flecks 
140, leaf area 10.78 square inches, flecks per square inch 12.9. Photographed 16, 
days after inoculation. Approximately natural size. 



PIRATE 71 

',' A,—Gomparison of varietal susceptibility of beaus to rust in the field. Left Powell’s 
Prolific, susceptible, completely defoliated from rust infection. Right Tennessee 
Wonder, resistant, uninjured by rust. Photographed August. 13,, 1918. 

B,—Secondary uredinia formed in circles around the primary uredinia on a leaf 
of Tennessee Green Pod. Photographed one month after inoculation in the green^. 
house. Slightly reduced. 
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PLATE 72 

Contact prints of bean leaves showing comparative sizes of tiredinia: 

A. —Tennessee Green Pod. Average diameter of nredinia 600 spore-prodticmg 

capacity 100 per cent. Natural size. 

B. —Burpee*s Stringless. Average diameter of urediaia 240 /a, spore-producing 
capacity 16 per cent. Natural size. 



PLATE 73 

A. -—Contact print of a leaf of Mighty Nice showing small, angular Hecks. Natural 
size, 

B. —Contact print of a leaf of Cr}^stal ITiite shomng mitisually large, rotinded 
Hecks. Natural size, 

C. —A typical ieck on a leaf of Tennessee Wonder. Approximately X 20 . 
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I.IFE-HISTORY STUDIES OF THREE JOINTWORM 
PARASITES 

By W. J. Vmtijps and F. W. Poos, Entomological Assistants, Cmal mii Forage Insmt 
Investigations, Bureau of Entomology, United States Department of AgticuUme ' ' 

INTRODUCTION* 

The importance of the control of the jointworm {Harmolitu tritici Fitch) 
by its parasites can not easily be overestimated. Up to the present time 
parasites have been the only means of control, and when these natural 
agencies fail whole fields of wheat often are destroyed. It is the opinion 
of the writers that effective control measures would have been put into 
practice or wheat growing in the Eastern States abandoned years ago 
had not the parasites of the Jointworm in a large measure taken care''of 
the situation. 

The present system of. crop rotation in the wheat-gro'^ving districts' of 
the Eastern States furnishes ideal breeding grounds for the jointworm* 
This^ however, is also true for the parasites; but we have learned 'by, 
experience that we can not rely entirely upon the parasitic enemies of' 
the jointworm to effect its control. It has been the common b.elief among 
scientists that the parasites check severe outbreaks of this pest within 
a few years, but 'the writers after studying closely a severe outbreak of 
the jointworm in Fauquier Count}^ Va., have come to the conclusion that 
this is not always true. In that locality infestation by the jointworm has 
been very intense for several years,' and according to observations of 
the past few seasons the numerical ratio of parasites to the jointworm has 
increased very slowly, until at the close of the year 1919 the jointworm 
is 92.6 per cent parasitked. 

ThiS' paper treats of the life histories of three of the more important 
parasites of the jointwonn. They are all hymenopterous,parasites 'Of the 
superfamily Chalcidoidea. and have been mentioned' frequently in''litera-. 
tute, though no detailed accounts of ■their'life'histories, as'parasites of the', 
jointworm have ever been,recorded. 

' ' ' ■ DISTRIBUTION 

Diimpinotus auremiridis ''Crawford, and Homopmus ckal€idiphagm 
Walsh and Riley are primary parasites, while Eupdmm'ailpiii WTmtU: 
was found to be .'both 'primary 'and secondary. ..The distribution,''ctf 
'D, aureoviridis and if- clmlcidiphagus is similar to,'that of,the jointworm.: 
(fig, .1)* E. allynii is commonly .found' 'wherever the Hessian'’,fiy 

The observations on which this paper is based,were made at tise United States Entosaological XatwratoW 
at Charlottesville, Va., during 191.7.'3:91s. 

Jotiinal of A'^icultural R.es»rcli, 1 . oL XXI,, 

Washington,D.C. . , " . '. 

yd*. XprNo.X- 9 ^ 
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(Phytophaga destructor Say) and the majority of the species of Harmolita 
are found. This includes practically all the wheat-growing regions of 
the United States. The writers feel that scientists in the past have given 
undue prominence to £. allynii as a primary parasite of the jointworm. 
D, mremiridis^ where it is normally found, occurs in greater abundance 
than either of the otlier two parasites treated in this paper. 



Fig. I.—Present known distribution of tke w'heat jointworm in the United States. 

METHODS OF REARING 

The adult parasites used in this breeding work were obtained from 
material collected in various localities and kept through the winter at 
the laboratory at Charlottesville, Va., under as nearly normal conditions 
as could be provided. The parasites were placed in a cage (PL 79, A); 
which contained stock material of Harmolita iritici. This cage was a 
glass cylinder 9 by 14 inches, having a cheesecloth cover. It was placed 
upon a saucer of moist sand into which'the stems containing galls of 
:'i?. iritici were placed. The ordinary greenhouse wooden label was used, 
for' identification of the cages. Another very successful breeding, cage 
'(FI.W4> A.) which wasnsed consisted of a lantern globe with a cheese¬ 
cloth cover, placed upon a 5-inch pot. The parasites were^ given fresh 
straws for oviposition each morning and a^ few drops;; "of dilute sugar 
water for them to, feed upon., Feeding once' a day, seemed sufficient to 
supply the needs' of. the parasites. .Oviposition was obseiwed in these 
cages, and the stems were removed promptly and dissected. ' Eggs 'with 
, their host 'were' removed to glass cell 'cages ^,which, were made for this 

, Y" ' _ . .. .., 

* C, M. A#E^..MlgTOdl>S'01?. StSAStIHQ ]?I,Y PARASITSS. /» Jotlf. AgT, 
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purpose (PL 74, B). This cage was made by cutting window glass to 
the size of ordinaty glass slides, and by the use of a dentist's small burr 
or carborundum grinder making a single small cell large enough to accom¬ 
modate the larva of JJ. tritici in one surface of each slide. After a single 
egg with its host had been placed in each cell, the cell was closed with 
the ordinary glass cover slip, to which was applied a droplet of honey 
to hold it in place. The usual label was pasted on each slide for identi¬ 
fication, and the slides were then placed in small closed pasteboard 
boxes in order to exclude the light. The life stages of the parasites 
from egg to adult could thus be observed under the microscope. Often, 
however, the parasite larva would crawl away from its host and star^’-e 
during the night. Sometimes the host larva would turn dark as if 
decaying and another would have to be substituted. After long expe¬ 
rience and with all possible care that could be given, it was found impos¬ 
sible to rear more than about 60 per cent of a given number of parasites 
by the cell-slide method. But since this method was the only one known 
in which the different stages could be observed continuously, it was 
adhered to throughout. Eupelnms allynii bred very freely by this 
method, while Homaporus chalcidiphagus bred less freely and Ditropimtus 
aureoviridis with some difficulty. The larv^ of the last-named species 
completed their development very readily, but very few continued through 
to the adult stage. 

In order to have a control on the period of development of the parasites 
in the cell slides (PI. 79, B), some of the eggs of the same age were not 
removed from the Harmolita cells but were permitted to remain and 
develop normally as they would in the field. It was found that each of 
these species very closely approximated the same period of development 
when reared in the glass cell as when reared in the galls of the jointworm 
under the same weather conditions. 

In observing the larval development of these parasites it was com¬ 
paratively easy to identify the various instars of Diiropinottis mireovmdis 
and E'Upelmus allynii by the length, number, and position of the setae 
and the change in size and shape of the larvae. ' The instars were verified 
by making a balsam mount of each cast skin. It was found impossible to 
identify all of the instars of Homoparus dialddiphagits except by remov¬ 
ing to a balsam mount the entire contents of a glass cell, where the^ 
individual larva had developed, and noting the number of pairs of man¬ 
dibles remaining therein., 

All observations indicate that only one specimen of any of .the three' 
species studied ever matures in a single Harmolita cell. An individual 
host larva seems to furnish just enough food for a single parasite. Usually 
only the old dried skin of the host remains after the parasite larva has 

become full grown. 

*1 
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BITROPINOTUS AURBOVIPIDIS ^ 

This species was first described, both male (fig. 2) and female (fig. 3), 
by Mr. J. C. Crawford in 1907.^ In 1912, Mr. A. B. Gahan® described 



Bsg, tz„~^Durophwius aiirccrdridis: Adult male* Greatly enlarged. 



Fig. 3.— Dilrophwius aurcoviridis: Adult female. Greatly enlarged. 


the species DUropimhis Jamcoxus, basing his species on the very light 
coloration of the coxse. ' Since publishing this description Mr. Gahan 
thinks it possible that D. flavicoxus may be only a varietal form of D. 
aweaviridu. The present ivriters have never reared a typical specimen 

I ^ Family .Torymidae, Subfamily Mouodontomeriaae. 

, ®CRAwyoRio, J. C. Ns?w NORTH AMERICAN .ht’-mhnortera. In Jour, N. Y, Eat. Soc., V, IS, no. 4, 

p.173-179. J907, * 

' ^ Gahan, A. B. ■ desoupxions of two nkwgsneea .and six new species of parasitic hymenoptera, 

Iw FrcKi. Ent. Soc.;W.asb., Y,'X4,no, i,p. 3:912. 
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of D. flavicoxus^ tlioH'gli some specimens reared liave mucli ligiiter-colored 
cox^ than thos^e of the average D. aureoviridis. 

HOSTS 

This species apparently prefers Harmolita tritki and H. vaginicola 
Boane, and the writers have reared it in cell slides on H. elymicola Phil¬ 
lips and Emery and H, grandis Riley. It probably will parasitize aav 
of the gall-forming species of Harmolita, though the writers have reared 
it only from field collections of H. triiici, H. vaginicoia, H. grandis, H. 
atlaniica Phillips and Emery, and H. secalis Fitch. It breeds freely upon 
the larvae of Etiryioffia spp. in the field and in breeding cages, and upon 
one occasion an egg was deposited in a Harmolita ceil upon a pupa of 
Ditropinotus aureoviridis. It undoubtedly breeds upon Honwporus dial- 
cidipkagus also, though it plays the role of secondary parasite only when 
the individuals of Harmolita are very highly parasitized. 

EGG 

The eggs (PL 75, A; 77, B) are deposited in the gall-like cells of 
Harmolita iriiici external to the host lanm. They are not always placed 
directly upon the host, but the small size of the cell of the Jointwomi 
requires that the egg be in close proximity to its host. The egg is grayish 
white in color and opaque. It is elongate, kidney-shaped, but asym¬ 
metrical. There is a nipple-like process at each end of the egg. The 
surface of the egg is covered uniformly with spicules with the exception 
of the nipple-like process at the posterior end. The average of four eggs 
measured 0.6772 mm, in length and 0.1583 mm. in greatest width. 

The period of incubation of 199 eggs in cell slides varied at different 
times during the breeding season from i to 5.5 days. The average time 
was 3 days. Low temperatures greatly retarded deA."elopment. At the 
time the egg is ready to hatch, the mandibles of the young lanm can be 
observed at the large end of the egg, where they move back and forth 
occasionally. , Sometimes the whole outline of the head can be seen 
through the chorion just before the young lanm cuts its way out with its 
mandibles. The round nipple-like process extended out beyond the 
larvm's head makes it look as though it were wearing a dunce cap., The 
larva keeps pushing forward with its head against the flexible shell, at 
the same time slashing away with its mandibles until finally the shell is 
ruptured. The larva then forces its head through the aperture (Pi. 
75, B) and begins fepding at once upon the host lan^a. - Several hours are 
usually required for the larva to extricate itself from the eggshell. 

LARVA 

First insi^ar (PL 75, C).—^The color of the first-instar lanm is trans¬ 
lucent whitish.' Just before the first molt the average length of three 
larvae was 0.9152 mm. and the average greatest width was 0.2060 mm. 
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When hatched the lan'a is very slender and gradtiai¥ tapers toward the 
posterior extremity. At this time the head (Pi. 75, D)^is considerably 
larger than the individual body segments. Just before thh.first molt is 
cast (PI. 75, E) the head is much narrower than any of the first 8 body 
segments. The head is convex anteriorly and bears 7 pairs of rather 
long sete and a pair of fleshy cylindrical tubercles which apparently-are 
antenna. The mandibles of this stage (PI, 76, A) appear to be very 
highl}" chitinizedj very slender and pointed. The body consists of the 
usual 13 segments bearing 5 pairs of spiracles, a pair on each of the last 
2 thoracic and first 3 abdominal segments. There are 2 lateral rows and 
2 subdorsal rows of long setae, i seta to each row to each body segment, 
and 2 sub ventral rows of long setae on the thoracic segments only; in 
addition, around each segment there are 2 or more irregular rows of 
minute sete. 

Second instar (PI. 75, F).—Color as in previous instar. Average 
length of three lan^ae 1.1645 mm. and average greatest vidth 0.3473 
mm. In this instar the lar\^a is pointed at each extremity although 
very much more pointed posteriorly. The head is convex anteriorly 
and bears 5 pairs of setae; antennae as in previous instar. The mandibles 
(PI. 76, B) have changed shape entirely; they are very broad at the base 
and much less heavily chitinized than in the previous instar. There are 
9 pairs of spiracles present, i pair to each of the last 2 thoracic and first 
7 abdominal segments. The short, minute sete present in the first 
instar are not present in this or an}^ of the succeeding instars, and the 
long setae are shorter but are arranged on the body as in the previous 
instar. 

Third instar (PI. 75,6),—Color same as in previous instar; average 
length of three larv^ ^-3533 average greatest width 0.40S3 

mm. Shape is much the same as in the previous instar. Head bears 8 
pairs of sete, which are longer than in the previous instar; antennae same; 
mandibles (PI. 76, C) much longer and more slender and about as heavily 
chitimzed as in the previous instar. The setae of the body are much 
more numerous and are longer than in the previous instar. The first 
segment bears a partial double row^ of setae around it; the other segments 
bear an irregular single row of setae of unequal length around them. 

Fourth instar (PL 75, H).—Color and shape as in previous in- 
• star; average length of three laiwae 2.1233 average greatest 

width 0.5833 mm. Head as in previous instar except that setae have 
become much longer and more numerous; antennae same; mandibles (PL 
76, D) same general shape as in previous instar, but larger. The sete 
of the body are more numerous and are longer than in the previous instar. 
There are three incomplete, irregular rows of setae around the first thoracic 
segment; two rather^ complete, irregular rows around the second; an 
irregular single row around the last thoracic and all the abdominal f eg- 
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ments witli tlie exception of the ninth, which bears a partial double row 
irregularly placed. Sete are of nneven length as in previous instar 
FuIvL-grown larva (fig. 4). — Color: Larva has a slight femiginous 
tinge, due to the sete; the body is dirty -whitish mtk a dark central 
area, due to the contents of the digestive tract; the average length of 
5 larv^ was 3.108 mm., and the greatest width averaged 1.106 mm. In 
this stage the lar\^a is less pointed, broader, and thicker and much more 
hairy than at any previous stage; setse cover the entire surface of the 
head except for a narrow line dowm the center of the face; there also 
seems to be a slightly chitinized area down the face on each side of this 
median line. Antennae apparently the same as in previous instars. 
Mouthparts (PL 76, F): Mandibles (PL 76, E) same as in previous instar 
with the exception that they are considerably larger. Labmm consists 
of a simple triangular piece and is only very slightly chitinized; maxillae 
and labium exist only as fleshy lobes slightly chitinized on their surface 



Fig. 4 .—Diirophwtus auremiridis: Full-grown larva. X 24.5. 


and bear 8 sete and 4 groups of slight elevations or tubercles. (See PL 

76, F.) 

The sete of the body are longer and much more numerous than in the 
previous instar; each segment except the last four abdominal bears an 
irregular row of very long sete around it; in addition, the first thoracic 
segment bears a second irregular row of varying length around Jt; the 
second thoracic segment bears a second row likewise and a partial third 
around it; the third thoracic segment bears only one additional row 
around it;' the first abdominal segment bears a partial second row; the 
second, third, fourth,' fifth, and sixth the same. The seventh, eighth, 
and ninth bear numerous sete, varying 'greatly in length, that can 
scarcely be designated as constituting definite' rows; the last segment 
bears numerous small sete and is invaginated laterally., 

In order that the number of larval instars might be ascertained, the 
larvae were kept under almost constant observation under the micro¬ 
scope night and day from the time they were hatched, until they 'became 
full-grown. ,By this method there appeared to be four fairly distinct, 
larval molts,, as indicated by the external changes of the larv^,. ■ These' 
observations ivere verified by making balsam mounts, of 'the cast skins of' 
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the individual larva and noting the number of pairs of mandibles. Five 
pairs of mandibles, gradually increasing in size (PL 76, A~E), were thus 
found, seeming to give definite proof of the accuracy of the observations. 

As soon as the young lar\m hatches, it pushes its head out of the egg¬ 
shell (PL 75, B) and immediately begins to feed. It often feeds thus for 
about 24 hours before it completely extricates itself from the shell. In 
this stage it often feeds with only its head touching the host. It appar¬ 
ently slashes away with its mandibles until it has made a slight incision 
in the body wall of the host, whereupon it begins to suck up the body 
fluids. The larva feeds almost continuously, if undisturbed, until nothing 
remains of the host lar\m but the empty skin. l^Tien the parasites are 
very abundant, Yerj often several eggs are found in a single jointworm 
cell, but never more than one lar^^’a completes its development therein. 
The largest and strongest larva evidently overcomes and destroys the 
others. In moving forward over its host the tip of the abdomen of the 
parasitic larva is touched to the surface of the host, where it adheres. 
It seems to function as an anal proleg and to enable the larva to bow 
the body upward. Simultaneously each segment moves forward as far 
as possible, and the sucker-like mouth is touched to the surface of the 
host, where it adheres and acts as an anchor by means of which the larva 
pulls the body forward. By alternating these movements the larva is 
enabled to move over its host with comparative ease. 

Just before each molt the body of the larva is considerably larger than 
the head. This fact enables one to determine with a fair degree of accu¬ 
racy when the lar\m will molt. This character is much more apparent 
in the early stages. The later stages are indicated more clearly by the 
increased number of setse. The duration of instars, as is common with 
most insects, varies with the temperature, hot weather accelerating and 
cooler weather retarding development. The first instar lasts from one 
to four days; later instars approximate this period of time, varying 
directly with temperature and the condition of the host. 

Larv^ of this species which were reared in glass cells became full- 
growm in from 6 to 24 days. One hundred and thirty-seven larv^ 
observed for this purpose at various times during the breeding season 
became full-grown within an average of ii days. 

During the season of 1917, 41 larvse became full-grown in glass cells, 
but died during ^the winter before any of them pupated. In 1918, out of 
more than 100 larvse, which became full-groum in glass cells, only 9 
pupated during the same season. Those that pupated did so within' a 
period of from 4 to 17 days after they had completed feeding. These 
individuals were^ of the first and second generations. Sixteen adults 
"emerged from .the remaining material, and several others pupated. 
Both first- and second-generation larvae completed development the fol¬ 
lowing, spring. Five of this group were kept in the laboratory, and,^he 
remaining larvse "were'kept in "a cellar during the winter. Cage material 
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reared in Harmolita galls as a control on those reared in glass cells for the 
purpose of determining how well the glass cells approximated normal 
conditions for these parasites, for that particular season, showed that 
many larva of the first generation did not pupate during that season* 
This was found to be true likewise of Homoportis chalcidiplmgus. 

PRBPUPA 

The prepupal stage ,(T 1 . 77> M fig. 5) in three specimens observed 
varied from i to 6 days, with an average of 2 days. The larva does not 
void excrement during its earlier stages of development, but when the 
full-grown larva is ready to pupate, a considerable amount of excrement 
is voided and the specimen contracts considerably. The first four seg¬ 
ments of the abdomen contract equally until each is somewhat less than 
half its usual length in the full-grown larva. If the specimen is viewed 
from the ventral aspect, the last two segments of the abdomen appear 



Fig, S. —Ditropimius aureozuidis: Prepupal stage. X 34. 


to curve backward dorsallj. The measurements of two prepupse aver¬ 
aged 2.2050 mm. in length and 0,9450 mm. in greatest width. 

PUPA 

Pupation was obser\^ed upon one occasion, the process ■ requiring 17 
minutes. The fully developed pupa was plainly \4sible through the 
old larval skin, which first split down the center of the head, and the 
^■pupa then gradually worked itself forward through the opening. At 
first the pupa is a very delicate brown in color, gradually changing and 
becoming very dark, approximating the color of the adult insect. The 
pupal stage varies in length from 8 to 15 days. The average for S speci¬ 
mens observed in glass cells was 10 days. Six female pupse (PI. 77, C; 
fig. 6) averaged 3.0479 mm. in length and 0.8loS mm. in greatest width. 
One male pupa '(PL 77, D; fig. 7)' measured 2.66 mm. in length and 0.91 
mm. in greatest width. 

ADOXt 

No males normally occur in the first generation of this species, and 
the females seem greatly to outnumber the males in succeeding genera-' 
■tidns. , They pass the winter as full-grown larva in'the gall-like cells 
42270 °— 2 i- 4 
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of the jointwomij and the first generation of this parasite begins to 
emerge about the first week in June and the second generation about 
the &st week in July in Virginia, according to the authors' records. 
Previous to the season of 1918 it was supposed that there were only 
tm'O generations each year; but during 1918 and 1919 two complete and 
a partial third generation were reared in glass cell slides/ and apparently 
a partial third one was reared from the field in 1919. There appeared 
to be only two main generations annually in the field, and further ob- 
sen-ations, therefore, are necessary before it can be determined definitely 
whether there is normall}^ a partial third generation under field conditions* 



Fig. 6 .-~Ditropinotus jriG. ^.—Ditropimius aureovt- 

aurcoziridis: Fupaof nVir Pupa of male, X 28. 

female. X 25. 


The largest number of eggs secured from a single female was i8 during-^-”* 
a period of ’12 days. One female lived 48 days. When the female is 
ready to oviposit she walks up and down the wheat stem, tapping it 
with her aiitennse until a jointworm gall is located. After locating a 
suitable cell the female brings the abdomen almost at right angles to the 
■thorax, at the same' time elevating the body as much as possible. She 
Aen touches the tip of the ovipositor to the surface of the wheat stem* 

In this position she uses her ovipositor very much as a gimlet until it is 
forced into the Harmolita cell, at which time the body assumes its more 
nearly normal position. The egg, after oviposition, has the same shape 
as before ,oviposition. Five to 10 minutes are. required for the female 


1 This observation was repeated in igtao with the sathe, results. 
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to deposit one egg. The females have been' observed ovipositing at 
night in the breeding cages, but the greatest activity occurs during 
daylight, 

HOMOPORUS CHALCIDIPHAGUS' 

This species was first described, male and female (fig. S), in 1869/ 
This is one of the oldest recorded parasites of the jointworm and lias 
been reported many times in literature, though the detailed account of 
its life history has not as yet appeared in print. 

Next to Ditropinohis azireoviridis it is the most important parasite of 
Harmolita it Hid in ]\Iichigan, Illinois, Indiana, Ohio, Kentucky, Tenues™ 



Fjg. 8 . — Homoporm chalcidiphagus: A, Adult female; B, r^niemia of adult i'emale; C,, fintcuoa of adislt 

male; D, wing of adult maie. 


see, and Missouri. In the Atlantic States Eurytonia sp. is probably 
of' greater importance than H. chaiddipkagus; in fact, at some points 
Eurytonia spp. undoubtedly ranks first in importance of the parasites of 
H. irificL H. ckalddiphagiis undoubtedly suffers more from the depre¬ 
dations of secondary parasites than any of the other primar}^ parasites 
of the jointiTorm that have come under the.obsen’ation of the writers. 
As evidence of this fact, E. chakidiphagus was very abundant at War- 
reiiton, Ya., when the status of the various parasites W'as first studied 
there, whereas at the present time it scarcely exists in this locality. 
This is true in spite of the fact that there are five generations a year of 

1 Family Pteromalidae, Subfamily Merisiuac. 

Benjamm D., and Rji.ey, Chatles V. tEE joejt-wgrm (ieosoi^ia hordei haskis). In 
Amer. Futomologist, v. i, no. 8, p, 152. 1S69. 
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this parasite in the vicinity of Charlottesville. Eupehmis allynii is un¬ 
doubtedly largely responsible for this condition of affairs, although D, 
anreoviridis very probably assists greatly in bringing about the condition 
which has been noted above. The larvse of H. chalcidiphagtis are very 
smooth and inactive and apparently are as easy prey to other parasites 
as are the Harmolita larvjs. Etipelmus allynii and D. aureoviridis, on the 
contrary, are very active and therefore can defend themselves to a large 
extent. This is particularly true of D, aureoviridis, which is very hairy 
and very active and usually can crush the egg of other parasites before 
hatching is possible. 

HOSTS 

Homoporus ckalcidiphagus has been reared from field collections of the 
following species of Harmolita: triiici, vaginicola, secalis, hordei Harris, 
eiymicola^ and aUaniica. It is a primar}^ parasite of the jointworm. 
During 1918 a number of experiments w^ere conducted in order to learn 
whether it could be induced to breed as a secondary parasite.. In most 
of these experiments it refused absolute!}" to oviposit upon any larv« 
except Harmolita, though in a few instances it oviposited upon Eurytoma 
sp. and in a single instance one larva developed upon a pupa of Ditro- 
pinoius ameovifidis, In some instances when the larva of Eurytoma 
sp. and the egg of H. ckalcidiphagus were transferred to cell slides the 
egg was crushed by the activity of the laiwa. From this it would appear 
that when H. ckalcidiphagus happens to oviposit in Harmolita cells 
containing lar\"m of Eurytoma sp. in the field, a large part of these never 
reach maturity. 

EGG 

The egg (fig. 9) is elongate, slender, kidney-shaped, slightly larger at 
the anterior end. It is circular in cross section and without pedicel or 
flagellum. It is white in color, and the surface is very smooth. The 
average length of 4 eggs was 0.4204 mm. and the 
greatest width 0.1347 mm. They are always found 
external to the host. Sometimes as many as 4 or 5 
were found in one cell of Harmoliia tritici, but never 
more than one lan’^a completed its development when 
more than one egg w^as placed upon a single host. 

9.-~-Homopams chaiddi- gome of the eggs for some cause or other shriveled 
phams. Eggs. X 4/-S. failed to hatch. This wns not due to han¬ 

dling, since the eggs were found to be shriveled when the jointworm cells 
were opened. In hatching, the lar\"a ruptures the large end of the egg and 
begins feeding before it completely emerges from the shell. The period 
of incubation in glass cells varied from i to 4K days, depending' upon 
weather conditions, warm w^eather accelerating and cool w^eather 
retarding,development. The average length of the egg stage of 71 e^^ 
observed was about 2.5 days. ■ 





Jmie 15, 192J 


17 


Life-History Studies of Three Joiniworm PamsiUs 4 

LARVA 

First instar (fig. 10).—Newly hatched lan^as are translucent whitish 
ill color; the average length of three lan*^ in this stage was 0.3945 mm. 
and the greatest width, 0,1490 mm. l\'lien hatched the larv^a tapei^ 
toward each extremity but is pointed posteriorly; it is ver\' smooth, the 
sets being so small that it is practically impossible to determine the 
exact number. There is a pair of prominent hesli}^ elevations or tubercles 
on the front of the head that are apparently the antenna;. The head is 
very smooth, and if any sete .are present they are so small that it is 
almost impossible to ascertain their number and position. The man¬ 
dibles (PI. 76, G) of the first instar are simple hooks, very slightly chiti- 
nized, very pointed at tips, and broad at the base. The body consists 
of the usual 13 segments and bears 5 pairs of spiracles, a pair to each of 
the last 2 thoracic and first 3 abdominal segments. The external changes 
ill the succeeding iiistars were so slight that it w'as impossible to identify 
them accurately. A balsam mount was made of the entire contents of 
one of the glass cells where an individual lar\'a had developed and 5 
pairs of mandibles (PL 76, G-K) 
were found. As all of these pairs 
gradually increased in size it is rea¬ 
sonable to suppose that they were 
those of Homoporus ckalcidiphagns. 

One pair (the fourth) differs slightly Fig. ic.— Hon:cpotus ckelddipkagus: lateral view of 
in shape from the other four pairs, first-mstsr iar\-a. x 12S. 

though in size it fits in as the fourth pair. The slightly different shape of 
the fourth pair of mandibles is probably due to the fact 'that the 
mandibles are difficult to mount so as to have all tlie pairs in the same 
relative position, and probably the fourth pair was viewed from a 
slightly different angle when it was illustrated. No illustrations other 
than those of the mandibles were made of any of the laiwal iiista.rs, 
except the first and the full-grown larv^, since none of the other instars 
could be determined accurately. 

Full-grown larva (PL 74, D; fig. ii). —Color dirty whitish, wdth a 
dark line showing through the center of the lan^a due to the contents of 
“die digestive tract. The average length of five fuU-growm was 

3,08 mm., and the greatest width was 0.91 mm. The full-grown lanm is 
of the same general shape as the first-instar larva. The last abdominal 
segment is clearly invaginated laterally. The head (PL 76, 2 il) is very' 
smooth and bears a pair of rather prominent fieshy elevations or tubercles 
on the front that are evidently the antenna. ' It also bears four pairs of 
very small sete—one pair laterad of the mandibles; a pair laterad of these, 
about the middle of the cheek; a pair dorsad of these; and a fourth pair 
^bove and inside the antennal region. There are three pairs of minute 
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setae just above tlie labrum. Mouthparts (Pi. 76, L) and mandibles 
(PL 76, K) are tiie same general shape as in the first iiistar, though much 
larger and somewhat more heavily chitinized. The labrum is a small 
fleshy triangular piece. The labium and maxillae are fused and exist 
only as fleshy lobes bearing three pairs of minute setae and four pairs of 
very slight elevations or tubercles. 

The body bears 9 pairs of spiracles, a pair to each of the last 2 thoracic 
and first 7 abdominal segments; the setse are so small that it is almost 
impossible to locate them definitely, although there are apparently 4 
rows on the ventral surface of the 3 thoracic segments, 2 lateral rows, 
and 2 subdorsal rows extending the entire length of the body, i seta on 
each segment in each row, with the exception of the last abdominal 
segment ivhich bears 2 pairs of subdorsal setae. As indicated previously, 
the 5 pairs of mandibles found in the cell slide where an individual of 



Fig. xi.-^Honwporus chalcidiphagus: Fatt^ral view of full-grown lar\’a. X ::4.7. 


this species had pupated indicate that there are four lanj^al molts dur¬ 
ing the development of this species. 

The feeding habits of this larva are very much the same as those of 
Ditropinoius aureoviridis, though the lan^ae are veiy much more delicate 
and less active; consequently, they are more difficult to rear to full- 
grovTO lan^®. Obsenmtions on 42 lan^se of this species showed that 
they became full-grown in glass cells in from 5 to 25 days, depending 
upon weatlier conditions and the condition of the host. During the 
summer the}^ developed very rapidly, while in the fall the period was 
greatly lengthened. The average period of development was about ii 
days. The average period of time between the full-growm larv^a and the 
.prepupal stage for 40 individuals was days. In a large number of 
cases the larvse became full-grown and remained quiescent for many 
months. !Many then contracted slowly and died, while others completed 
their development to adults the following season. In one instance 2 larv« 
mnained in the quiescent stage from' August, 1917, until September, 
1918, vrheii they finally died. At the present time, December, 1919, the 
'writershave living larv^ in the quiescent stage wffiich became full-grown 
'larv^ as'early as June, 1918. The winter is passed as full-grown larvse 
in the cells nf the jointwonn. 



June 15, ig:'i 


Life-History Studies of Three Jointworm Parasites 419 


PREPUPA 


The prepupal stage (PI. 74, C; fig. 12) of the lar\^a is indicated by the 
contraction of-the anterior abdominal regioiij the greatest constriction 
occurring in the first 2 abdominal segments which contract to about 


one-half the original width. In this 
stage a large amount of excrement 
is voided and the prepupa is then 
pure white in color. No excrement 
is voided during any period of lar\'al 
growth. Observations on 37 indi¬ 
viduals showed that they remained 
in this stage from i to 6 days, the 
average length of three prepupse was 
averaged 0.8633 



Fig. 12.— HmiCfpoms chdadipkc.jusi Ventral 
Tiew of prepupa. X 20- 


average being about 2 days. The 
2.4966 mm. and the greatest width 


PUPA 


The pupa (PL 74, E-G) of this species is at first pure white. The eyes 
first begin to turn pink and gradually grow darker as the remaining 
portions of the body become dark. The entire pupa finally becomes 
bluish black, approximating the color of the’adult. The length of the 
pupa stage was found to vary from 5 to 23 days for individuals pupating 
during the same breeding season. The average length of the pupal 
period for 64 individuals was between 9 and 10 days. The average 
length of 3 female pupie was 3.5 mm. and the greatest width averaged 
0.7933 average length for 3 male pupse was 2.7533 the 

greatest width averaged 0.7933 male pupa can easily be 

distinguished from the female pupa by the fact that the antenna extend 
the full length of the tarsi of the forelegs. This is not true of the 
female pupa, 

ADULT 

The adult (fig. 8) emerges in Virginia during the latter part of May 
and continues breeding up into the month of October. Even in the 
northern States on warni days in October this parasite has been obsen^ed 
in the fields. Five complete generations were reared at this laborator}^ 
in cell slides from May to September in 1918. These obsen-ations 
accorded with rearings in Harmolita galls in vdieat stems kept under 
similar conditions. 

Males normally occur in about equal numbers with females, though 
this species will breed parthenogenetically, in which case the ofispring 
are males. 

The average number of eggs deposited for 5 indimdual females \¥as 
31.8, for an average period of 15.2 days. One individual deposited 45 
^eggs during a period of 17 days. One individual lived for 31 .days. The 
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females always took up a position with the head directly up the stem 
in o\dpositmg. The process of oviposition was yqvj much the same 
as described for Ditropimius aureoviridis. The shape of the egg of 
Homo poms clmlcidiphagus is the same after oviposition as before. 

EUPBLMUS ALLYNII ^ 

This species (figs. 13, 14, 15) was first described in 1882.^ In 1916 
Mr. C. hi. Packard^ gave an excellent account of the life history as a 



Fig. 13.— Eupeimus allynii: Adult female and abdomen of male, greatly enlarged. (Webster.) 

parasite of the Hessian fly, and his paper is the only published record on 
the detailed life history of this species. It has been considered by some 



writers as the most important parasite of the jointworm. In the estima¬ 
tion of the present writers it ranks about fourth in importance in the list 
of ^paiBSites Harmolita iriticL 

Family BntciTtidac, Subfamily Etipelminae. 

,;»FaE»ca,O.H. thb wksat-sikaw woiim. tisosoMA french.) /wiitbRpt.state Entomob 

p. 73-Si. iSSa.' , ^ 

;’^PAOSAKR-. C. M.' UFEIHSXORIES AND MEiTHODS OF REARING HESSIAN-FIY FARASITES. In Joiir, Agt, 
lte$eardh.i v. 6, 'tio. ,io, p, 367”3&, pi. 51-53. ipidv 
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HOSTS 

Etipelmus allynii is botli a primary and a secondar}^ parasite of the 
jointwomi. It apparently will breed as freely as a secondai*}’' parasite 
in jointworm cells as upon jointworms themselves under both field and 
cage conditions. It has been found breeding as a secondary’' parasite 
on Diifopvmius auremjiridis ^ Homoporiis cltalcidiphagtiSj and Eiirytoma 
sp. both in cages and in the field. We have reared it in connection 
with other parasites from the following species of Harmolita from field 
collections: %'agimcolay maciilata Howard^ elymicolaf eiymrjora 

Phillips and Emery, atlantica, albomaciilaia Lshmesid, grandis form gran- 
dis, and from what is thought to be a new species which forms galls in 
Panicum dandesiinum L.; also probably from H. occidenfalis Phillips and 



Fig. is.--Eupeimus cllynii: A, Legs of female; B, legs of male; greatly enlarged. 

Emer}’, and H, hespenis Phillips and Emery. In the majority of these 
instances it can not be said positively whether or not it was breeding 
aS' a primary parasite. It may have been and probably was breeding as 
both a primaiy^ and a secondary parasite in each instance. It wrill prob* 
ably breed upon any species of the genus Harmolita. 

EGG 

The egg (PL 77, E, F; 78, A) of this species is perfectly smooth with* 
out any sculpturing w^hatever and is "white in color. The average length 
of four eggs was 0.4109 mm., and the greatest width 0.157S mm. It is 
ellipsoidal in shape; the chorion is thin and elastic; there is a pedicel 
at the cephalic pole of the egg that is nearly as long as the egg itself and 
a slender flagellum at the opposite pole that is scarcely one-fourth as 
long as the pedicel. The pedicel is usually folded back against the egg 
after oviposition. 

The egg is always deposited external to the host. About 50 per cent 
of the eggs found were fastened to the wall of the Harmolita cell by 
means of a delicate, fibrous, netlike structure which was apparently 
psjftven from fine white threads (PL 77, E). When this covering wm 
' found over the eggs it ivas usuall}?" fastened dowm' rather firmly all around' 



422 


Journal of Agriculhiral Research 


Vol XXI, No. 6 


the edges, holding the egg securely in place. As many as eight eggs 
have been found in one Harmolita cell, in which case there was always 
a separate covering for each egg, though these coverings were usually 
attached to each other. 

The period of incubation of 79 eggs varied from i to 4.5 days during 
the breeding season, depending upon weather conditions. The average 
length of the incubation period for these 79 eggs was 2.4 days. 

In the process of hatching it was obsen^ed that the head of the lam^a 
broke through the chorion near the base of the pedicel. The eggshell 
is apparently ruptured in the same manner as is that of Difropinofus 
aureoviridds, previously described (p. 409). 

UARVA 

First instar (PL 78, B, C).—^The newly hatched larva is translucent 
whitish in color; the average length of three lar\^ss was 0.4208 mm. and 
the greatest width 0.1315 mm. The larva tapers toward each extremity, 
the greatest diameter being about the third thoracic segment; the larva 
is pointed posteriorly. Just before the first molt is cast the head is much 
narrower than any of the first 8 body segments. On the front of the head 
are two rather long fleshy protuberances which very probably are the 
antenna. The antennae in this instar are fully as long as in any of the 
succeeding instars, if not longer. There are four pairs of rather prom- 
ment setae on the head, one pair just above and inside the antenna! 
area, two pairs above the mandibles, and a pair laterad of the antenna. 
The mandibles (PL 76, N) in this stage are simple hooks which are very 
highly chitinized and vety- slender and pointed. The whole head shield 
is more highly chitinized than in later instars. The body is composed 
of the usual 13 segments which bear 5 pairs of spiracles, a pair to each of 
"Ute hst 'j thoracic and fa'st 3 abdominal segments. There are two rows 
of subdorsal setse the full length of the bddy.,.,that are extremely promi¬ 
nent, giving the lar\m almost the appearance of an, Indian war boimet 
when seen in profile (PL 78, B, C). There are 2 lateral rows in which the 
sete on the first 2 thoracic segments are exceedingly prominent, being 
nearly three times the length of any of the remaining set^ in these rows. 
There are also 2 subventral rows on the thoracic segments only. In 
addition to the setae just described, each segment is rather densely cov¬ 
ered with vejy=^ minute sete which are not present in the succeeding 
instars. 

' Skcond instar (PL 78, D).—The color and general shape are the same 
as in the previous instar, except that the abdomen is not so pointed. 
The head of the larva is much blunter anteriorly than in the previous 
instar, Tliree larv^ in this instar averaged 1.050 mm. i,G length and ■ 
0.4316 mm. in greatest w,idth. The antennse are slightly less promment 
and, the, sete very mu^ch less promment than in the previous instd^f^ 
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There are 5 pairs of small sets on the head—a pair just above the mandi¬ 
bles, a pair laterad of these, a pair dorso-mesad of the anteans, a pair 
caudo-dorsad of the anterms, and a pair on top of the head. The man¬ 
dibles (PI 76, 0 ) have changed shape considerably and are now much 
broader at the base and are less slender and less chitinized than in the 
previous instar. The labrum bears 4 heavily chitinized lobes or denticles. 
The body bears 9 pairs of spiracles, a pair being borne on each of the last _ 
2 thoracic and first 7 abdominal segments. The setse on the body in this 
instar are very small and inconspicuous. There are 2 sitbdorsal rows, 

2 lateral or spiracular rows, and 4 subventral rows on the thoracic seg¬ 
ments ; also 4 additional subdorsal setee on the first thoracic segment and 
2 subventral sete on both the eighth and ninth abdominal segments. 

Third instar (PL 7S, E). —^The color and genera! shape are very much 
as in the previous instar. Four laiv^ae in this instar averaged 1.610 mm. 
in length and 0.4925 mm. in greatest width. The setse on the head are 
slightly more prominent. There are 5 pairs of sete located as in previous 
instar. Antennse as in previous instar. Mandibles (PI. 76, P) with 
general shape same as in previous instar, although they have increased 
considerably in size. The labrum in this instar has 4 prominent chiti¬ 
nized denticles or lobes and a rather inconspicuous one at each side of 
these. Spiracles as in pre\dous instar. Beteeen the last 2 thoracic, the 
last thoracic and first abdominal, first and second, and second and third 
abdominal segments there are rather prominent, fleshy, dorsal folds. 
The set^ are slightly more prominent and are arranged as in previous 
instar, except for i additional subventral pair on first thoracic segment, 
and an additional pair of spiracular sete on the sixth and seventh ab¬ 
dominal segments. 

Fourth instar (PL 78, F).—Color, general shape, head, antennae, and 
seta of head as in previous instar, except that the set® are much more 
conspicuous. Two in this instar averaged 1.855 mm. in length and 
0-6300 mm. in greatest width. The mandibles (PL 76, Q) in ,this instar ’ 
are stouter and more heavily chitinized than in the previous instar. 
There are 4 heavily chitinized lobes to the labrum ivith an inconspicuous 
lobe on each side of them. Spiracles as in previous instar. The dorsal 
fleshy folds same as in the previous instar with an additional one between 
the tliird and fourth abdominal segments. This character is probably 
somewhat dependent upon the position the larva is in at the time, of 
observation. The body sete are slightly more prominent than in the 
previous instar. There are 14 sete on the first thoracic segment, 8 on 
both the second and third thoracic segments; 4 sete on each of the first 
5 abdominal segments, 6 on each of the sixth, seventh, eiglitli, and ninth 
abdominal segments, 4 on the tenth. The set® are arranged as shown 
in Plate 78, F. 
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The full-grown lan^a (PI. 76, U; fig. 16) is less translucent and the 
color is more gra3dsii white than in the previous instar. There is a 
darker area almost the Ml length of. the larva due to the contents of the 
digestive tract. The general shape of the larva is the same as in the 
previous instar. There is a distinct lateral invagination of the last 
abdominal segment. The dorsal folds are more prominent than in the 
previous instar, and there are usually more of them. The setae are more 
prominent than in any previous instar except the first. Four full-grown 
larv^ averaged 2.485 mm. in length and 0.735 mm. in greatest width. 
Head as in previous instar. Mandibles (PI. 76, R) very stout and heavily 
chitinized. The labium (PI. 76, S) is a large, rectangular, fleshy piece 
that almost covers the mandibles. On the inner surface near the distal 
margin ate from 5 to 7 prominent denticles or lobes which are apparently 
very heavily chitinized; the labrum also bears 2 minute setae. The 
maxilte and labium (PL 76, T) are fused and only very slightly chitinized 
on the surface; they bear 6 minute sete and in addition 2 groups of slight 



elevations or tubercles containing 3 elevations each, 2 groups containing 
2 each, and 4 single scars or elevations. All are arranged as in Plate 76, 
T. Spiracles as in previous instar. Setae as follows: 14 on the first 
thoracic, 10 on each of the second and third thoracic segments, 4 on each 
of the first 5 abdominal, 6 on each of the last 5 abdominal segments. 
Setae arranged as shown in figure 16, 

The number of larval instars and molts were ascertained in the manner 
described for Dtiropinotus aureoriridis, page 411-412. There were found 
to be 4 larval molts with 5 pairs of lar\ml mandibles (PL 76, N-R) as for 
D. atifeoriridis. The manner of feeding and locomotion is also similar 
to that of D, aureoviridis. Thirt5-two lar\:^® reared in glass cells in 
1918 became full-grown in from 7 to 12 days, depending upon weather 
conditions. The average length of this period was 9 days, or an average 
of about 2,25 days per molt. Twen^v-seven of these larv^ were inactive 
for from 2 to 17 days, an average of 5 days, before beginning pupation. 
In'1917, 28 indmduals averaged 16 days in the larval stage from egg to 
pxepupa. 
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This species proved to be much more tractable than either of the other 
t'^vo treated in this paper. They bred freely in the cell slides through 
five generations during the breeding season of 191S. The are 

very active and are voracious feeders. Never more than one individual 
was found to develop upon a single host lar^^a, though as many as S 
eggs have been found in a single jointworm cell that was taken from a 
breeding cage. Under field conditions, however, this would scarcely 
obtain, since the jointworm cells so far outnumber the adults of Eupelmus 
allynii which are present. 

PREPUPA 

The prepupal stage (PI. 78, G; 77, G) for 17 individuals of this species 
ran from i to 3 days, the average being 1.7 days. Upon entering this 
stage the larva voids considerable excrement, the prepupa being then 
pure white in color. At no other time has the larva ever been observ'ed 
to void excrement. Upon entering this stage the lan’^a contracts both 
in length and width. The third thoracic and first, second, and third 
abdominal segments become much shorter. There are numerous lateral 
fleshy folds at this time. The setae are arranged the same as are those 
of the full-grown larva. 

PUPA 

When the pupa (PL 77, H) is first formed it is pure white. It gradually 
changes to intense black. of this species that became full-grown 

in glass cells late in the fall usually did not pupate until the following 
spring, although a few remained in the pupal stage through the winter 
when kept in a cold cellar. Sixty-tw^o individuals remained in the pupal 
stage from 7 to 33 days during the breeding season, depending upon 
weather conditions. The average length of the pupal period w’as 21 
days. The pupa of the male is smaller than that of the female; the aver¬ 
age length of 5 male pupae was 2.142 mm. and the greatest width was 
0.65S mm. The average length of 4 female pupae w^as 3.0275 mm., and 
wfidth 0.7875 mm. 

ADULT 

This species (fig. 13; 14; 15, a, h) overwinters as full-grown larva in 
the jointworm cells in old wheat stubble, the first adults emerging the 
latter part of April or the first %veek in May, in \urginia.' Males normally 
occur, though under cage conditions this species will reproduce partiieno- 
genetically, unfertilized females producing male progeny only. 

The adults of this species are very active, and soon after emergence 
the females run rapidly up and down the old wheat stubbles neiwously 
stroking the stubble with their antennse in a diligent search for a 
suitable place to oviposit. They fly very quickly and rapidly but 
^«^arently only a few feet at a time. The manner of oviposition is 
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practically the same as that of Ditropinofus aurcoviridis (see p. 414-415). 
The process of oviposition usiially requires several minutes. One female 
Eupelmus allynii lived 52 days and oviposited over a period of 32 days. 
Four generations were reared in glass cell slides during the breeding 
season of 1918, starting with females that emerged from material coh 
lected the previous fall and kept under as nearly normal conditions as 
possible. 

CONCLUSIONS 

Judging from the observations recorded herewith and from the field 
observations of the season of 1919, it is quite clear why the parasites do 
not quickly gain complete control of the wheat jointworm. The wn-iters 
have found that as the parasites become more abundant hyperparasitism 
increases greatly. Some of the parasites that are primary only, when 
present in small numbers, become both primary and secondary as they 
become more abundant. 

At the close of the season in 1919 at AVarrenton, Va., Homoponts 
chalcidiphagiis, a purely primar}’ parasite, was very scarce indeed, while 
in 1916 it was one of the most important. This condition is undoubtedly 
due to other parasites existing upon it as secondaries. Eiirytoma sp. 
was the most important parasite present at AAmrrenton in the fall of 
1919 and Diiropinotns aiircoriridis and Eupelmus allywii were turning 
their attention largely to this species, since Harmolita tritici was greatly 
in the minority. While Harmoliia tritici has been greatly in the minority 
in the fall in proportion to the number of its parasites present, for several 
years at Warren ton, the percentage of jointworm-iiifested wheat plants 
has remained about constant from year to v^ear. This is further evidence 
that hyperparasitism has been going on continuously. Therefore it 
would seem that the parasites can be relied upon for only partial and 
not complete control. 





. PLATE 74 

A. —^Lantern globe breeding cage. 

B, —Glass ceil slide obser^^ation cage. 

Ci —Ventral view of tbe preptipa of Homoporus chahidiphagus. X 13* 

D. —^Ventral view of ftill-gro\TO lan-'a of H, chalcidiphagtis. X 94 * 

E. —Ventr^ai view of female pupa of H. ckakidiphagus. X 12.9. 

F. —“Ventral view of male pupa of H, ckakidiphagus, "/[ 14.5. 

G. —^Lateral vie'W of pupa of H. ckakidiphagus. X ^2.9, 
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; PI.ATK 75 

A. —Kgg of Diiropimtus mmoviridis. 

B. —Lateral view of D. aiireoviniis larva liatcliing. 

C, —Lateral view of D. aureoviridis larva just alter liatcliing. Note tlie compara¬ 
tive size of larv’a and host. 

D, —^Dorsal view^ of head of first-instar laiwa of D, aureoviridis. 

E*—Lateral view of first-instar larva of D. aureoviridis jnst before casting first molt* 

F. —Lateral view of second-instar larva of D. aureoviridis. 

G. —Lateral view of tliird-instar larva of D. aureoviridis. 

H. —^Lateral view of fourth-instar larva of D. aureoviridis. 

All greatly enlarged. 

42270^—21 - 5 



PLATE 76 

A. —Mandibles of first-iiistar larva of Ditropinoius aureoviridis^ 

B. —^^landibies of second-instar larva of P. aureoviridij. 

C. —Mandibles of third-instar lan'a of £). aureoviridis, 

B.—“M^andibies of fonrtb-instar larva of D. aureoviridu. 

E. -^Mandibles of fulbgrown lar^’a of D. auTeoviridis, 

F. —^Montbparts of full-grown larva of D. aureoDiridis. 

G. —‘First-mstar mandibles of Ho^noporus ckalcidiphagm, 

H. —Second-instar mandibles of H, chalddipkagus. 

I. —^Tbird-instar mandibles of H. chalcidiphagtis. 

J. —Fourtb-instar mandibles of H, chalcidiphagus, 

K. —Mandibles of full-grown larva of H. chalcidiphagm\ 

L. -^Moutbparts of full-grown larva of H, chalcidiphagus. 

M. —Ventral view" of bead of full-grown larva of H. chalcUiphagns^ 

N. —^Mandibles of first-instar larv’aof Eupelmus allynii. 

O. —^Mandibles of second-instar larvn of E. allynii, 

P. —^Mandibles of third-instar laivn of E, allynii, 

Q. —^Mandibles of fourth-instar larva of E, allynii, 

R*—-Mandibles of full-grown larva of E, allynii, 

S. —^Labrum of full-grown larva of E, allynii. 

T, -—Moutbparts of full-grown larva of E. allynii. 

U*—^Lateral view of bead of full-grown larva of E, cdlynii, 

AI! greatly enlarged., 
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PLATS 77 

A. —Ventral view of prepnpal stage of Ditwpinotus aurcoviridis. X 13.7. 

B. —Egg of D. atireoviridis, X 17. 

C. —Lateral view of pupa of female D. atmoidridis. X 12.6. 

B.—Lateral view of pupa of male D. aiireoviridis. X 12.7. 

E. —Egg of Eupelmus allynii in situ, showing netlike covering. ";< 19.4. 

F. —Egg of E. allynii showing egg exposed and resting on netlike covering. 

G. —Ventral view of prepupa of E. aUyrdi. Great!}." enlarged. 

H. —Ventral view of pupa of E. allynii. X 12.2. 


X 19.4- 



PLATE 78 

d Eupilmtis allyniL X 70.5.' 

B, —Lateral view of newly hatched £. allynii larva. X 86.7. 

C. —Lateral view of first-instar larva of £. allynii just before casting first molt. X 86. 

B.—Second-instar larva of E. allynii^ lateral view. ^ ' 

E. —Third-instar larva of £. allynii, lateral \fiew. 

F. ™*Fourth-instar larva of E. allynii, lateral view. 

G. —Ventral view of prepupa of B, allynii 
: B to G greatly enlarged. 




Life-History Studies of Three Jointvvorm Parasites 


Plate 79 



Journal of Agricultural Research 


VoLXXh No. 6 













STUDY OF THE RELATION OF THE LENGTH OF KERNEL 
TO THE YIELD OF CORN. (ZEA MAYS INDEKTATA) 


C. C. CUNN’INGHAM 

Formerly Assistant Professor of Agronomy^ Kansas Agricultural Experiment Station 

Among com growers there is a prevalent opinion that length or depth 
of kernel is a very desirable character in corn {Zea mays indeniata) and 
that short kernels indicate deterioration. Rough,, dented kernels are 
usually long and, therefore, this type is given preference by most growers 
in selecting seed com, while smoothly dented ears are a,voided. 

Apparently, the -relation of the length of kernel to the yield of com 
has not been investigated directly. Some data on this subject,, however, 
have been secured indirectly. 

Montgomery ^ compared smooth and rough types of Reid Yellow Dent 
continuously selected for five years. Comparative yield data were 
secured for three seasons. The smooth-dented type outyielded the 
rough-dented type two out of three seasons and averaged 44 bushels 
more per acre. Although no data were presented to show the relative' 
length of the kernels for the two lots of com, it is probably safe to assume 
that those of the rough-dented type were the longer b'ecause of the cor¬ 
relation betw^'een indentation and length of kernels. 

The writer ^ reported that smooth- or wrinkle-dented ears outyielded. 
rough ears in ear-to-row tests of several varieties of corn conducted at, 
the Kansas' Agricultural Experiment Station. 

Williams‘S compared smooth- and rough-dented strains of Clarage com 
continuously selected for six years at the.Ohio Agriciiltiiral Experiment 
Station, and secured an average: difference of 1.76 bushels per acre in' 
favor.of the smooth type. 

Hutcheson'and Wolfe ^ compared characters of a group each of,high-' 
yielding and low-yielding'Cars of Boone County grown in ear-to-row 

i Coatribution Xo, 19 from Department of Agrotsomy, Agficultiiral E^cperimmt Stotioa of na,tisasStafe " 
Agricuitoral College. 

sMoNtGOMERY,E.O. expbrimentswixhCORN.' Xebr. Agr. Exp. Sm.Bull 23 . 3 : 90 ^- , , 

3 Cunningham, C. C. the relation of ear cblaractess of corn to yield, /w Som . Awf. 

Agrom, V. S,.»o. 193* 19x6. 

* WiiMAm, C. G., and Wblton, E. A. corn exferimenxs. Obb Agr. Exp. Sta. Btil a's?, p. $7 > ,' ■ 

s Hutcheson,, TlB.', and Wolfe, T. k. ,rel-atzon bbtu^een rmLn and ear characters m cow. 'I' 
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tests for two seasons. The length of kernel was one of the characters 
studied. The average length of the kernels in the high-yielding and 
low-yielding lots were 0.42 and 0.41 inches, respectively, and the yields 
were 72.5 and 54.8 bushels per acre, respectively. Concerning this point 
the authors conclude that length of the kernels was a negligible factor 
in the yields. 

Olson, Bull, and Hayes ^ found that smooth and medium smooth ears 
of Minnesota No. 13 com slightly outyielded rough ears in ear-to~row 
tests conducted at the Minnesota Agricultural Experiment Station. 

PLAN OP THE EXPERIMENT 

An experimental project was put under way at the Kansas Agricul¬ 
tural Experiment Station in 1916 to secure some data concerning the 
relation of length of kerne! to the yield of corn. Commercial White, a 
medium large variety well adapted to growing on productive soils in 
eastern Kansas, was used. Three 40-ear lots of com were selected. 
One lot was made up of ears with kernels that were relatively short, one 
of ears with kernels of maximum length, and the third of ears with kernels 
of 'medium length. The latter group was practically intermediate 
between the short- and long-kemeled ones. Since the degree of indenta¬ 
tion is usually correlated with length of kernel, this character was taken 
as an index by which to classify the various ears. Only ears that were 
almost smooth or ‘'dimple-dented** were selected for the short-kemeled 
group, while only ears that were sufficiently indented to have kernels 
with a chaffy crown or with at least an indication of chaffiness at the 
crowm were used for the rough- or deep-kemeled group. In this latter 
group the endosperm as a rule was not completely filled. The kernels 
of the intermediate group were wrinkle-dented,” that is, the indentation 
was sufficient to cause a wrinkling of the epidermis of the kernel over 
the indented portion. The ears shown in Plate 81 are typical for the 
group, while Plates 80 and 82 show typical eats of the long- and short- 
kemeled groups, respectively. These groups are designated as “rough” 
and “smooth,” respectively, while the group with kernels intermediate 
in length is knowm as “ medium.** This last group was practically identi¬ 
cal in type and length of kernels with the mean for the Commercial White 
variety. Kernels of the three types are shown in Plate 83. 

The seed for the various groups or types of ears was continuously 
selected. Smooth ears were selected each season from the progeny of 
smooth ears, rough ears from the progeny of rough ears, and medium 
/ ears'from the progeny of medium ears. 

In selecting the seed ears, care, was taken to secure, if possible, ears 
that would conform to what 'is ordinarily considered the standard in 
si^d com. The ears' were well-developed, with uniform kernels and in 
,,, ^ good seed condition. , 

. ijOtsow, n. I.,, BtJi.1., C, B., aad H. Kl, BAit rsrps selection and yield in coi»7. Mmn. Agr, 
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Determinations of yield were made in plots consisting- of six to eight 
rows. They were planted in triplicate. The four inside rows only of 
each plot were harvested for yield. The com was planted thick in 42-iii'di 
drill rows, and thinned to a tiniform stand of one stalk ever}^ 21 inches. 
No effort was made to control cross pollination between com of the 
various types, and undoubtedly the usual amount of cross-fertilization 
took place. 

The yields which are given in Table I are for shelled com well dried 
in a heated room where the temperature varied from 60"^ to 80° F. The 
probable error was determined by using the formula />. r. =0.8453 — 

—? in which n equals the number of replications, 
n-yn— 1 

TablB I.— Yields of smooth-, medium-, and rough-dented types of commercial white 

corn, IQ16 to igig ^ * 


T^rpe. 

! ' 

i 1916 

1917 


i 1919 

Eour-year 

average. 

Smootb. 

Medium. 

Rough. 

i 

4X.7 ±o. 79 
. 4X.2i: .33 

41. lio. 5c 
43-9d:X. 29 j 
45’3±i-o9 1 

2S. li:0. 97 
23. o± .48 
: 20. 3 ± .14 

35.2 4:0.89 

^ 3x.i± *35 
? 34.2 i . 89 

'! . 

1 34.8± . 61 
3 S- S± . 74 


^ Expressed 

in bushels per 

acre 01 shelled c< 

nrn. 



It will be noted that the smooth-dented type produced the highest 
4-year average yield, and that the medium-dented t3^pe ^delded the least. 
The data are not very consistent for the 4-3^ear period. There was prac- 
ticalty no difference in the yields the first season. In 1917 the rough type 
produced about 2 bushels more than the medium and about 4 bushels 
more than the smooth type. This variation appeared to be due entirely 
to peculiar seasonal conditions at the time the com was beginning to 
pollinate. Drought and hot wdnds prevailed during the last of July and 
first week in August and greatly damaged com-that flowered during 
that time. Rains occurred frequently after August 7, making condi¬ 
tions very favorable for corn for the remainder of the season. The smooth 
type of com started pollinating two or three days earlier than the 
other types, and the earliest plants were injured to some extent. Many 
of the ears were poorly pollinated, especially at the butt. The ears of 
the medium and smooth type appeared to have been normally' pollinated. 
Since' the rough type of com was slightly the latest of the three types to 
flower, it more nearly escaped the detrimental effect of the drought and 
for that re.ason produced a larger 3deld. 

In 1918 hot, dry weather prevailed throughout the fruiting period of 
the com. Under these conditions the smooth t}q)e, because of its earlier 
maturity, had the advantage and produced about s bushels more than 
the medium type and about 8 bushels more than the rough type., The. 
difference in the yields'for that season are>. no doubt., 'Significant., - 
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In 1919 lioty dry weather prevailed during July, and altlioiigli tlie tem¬ 
perature was favorable during August the com did not make a maxirauin 
development because of a deficiency of moisture. The corn was planted 
much too thick and tinfortunately was not thinned until it was 3 or 4 
feet high. This no doubt decreased the yields to a considerable extent. 
The smooth type sustained the greatest injury because of the relatively 
thick stand for that type. In spite of this handicap the smooth type 
made the highest yield, although the difference as compared with the 
rough type is probably not significant. Altogether, the results show that 
for the conditions of this test a smooth type of com will yield fully as well 
as medium or rough types. 

The effect of continuous selection for types on the length, circumfer¬ 
ence, and weight of the ears, number of rows of kernels per ear, the 
length of kernel, and the percentage of com to cob were also studied. 
Data for these characters for the seed ears used for planting the respec¬ 
tive type lots each season and for the progeny of each lot were recorded 
and tabulated. 

LENGTH OF EARS 

The effect on the length of ears is shown in Tables II and III. It will 
be noted that the smooth type of ear used for planting consistently aver¬ 
aged longer than those for the other t^’pes, and the average length of ear 
of the progeny of this type was slightly greater. On the other hand, the 
rough ears were shorter than the others. This same relation between 
indentation and length of ears is found in the progeny, as shown in 
Table III. 


Table II .—Frequency disirib-uHon of ears of various lengths used in planting the type 
test of Conwiercial White corn, igi6-ig20 




Number 
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Table distHbuiio'H of ears of voriou^ lengths in the progeny of srnooihr , 

memum- ^ afid rough-dented types of Commercial White corn^ iqx6 io igig 


Year and type. 


1916: 

Smootii.... 

Medium. 

Rough. 

19x7: 

Smooth. 

Medium. 

Rough. 

1918; 

Smooth. 

Medium. 

Rough.. 

1919; 

Smooth. 

Medium..... 

Rough. 

Rour-yearavei- 

age: 

Smooth. 

Medium. 

Rough. 


Number 01 ears having a length {in inches) of— 


3 4 


51 9i 
x; 4 
3 1 6i 


18 
15 
10; 14 


4’: XXI 13 i 20 
4; I4i 13; 36 
S' 12! 20 


lol 81 
71 141 

61 i3j 


s isK 


13' 19 ! 
14} I3I 
IX[ X4i 


16 


63^1 7 !7K| S :S5'a| 9 :9K! lojicKi n : 


iS 


23 

1 3S 

1 

39 

56 

70 

67 

62 


22 

6^ 

25 

32 

4X 

5X 

7x 

66 

46 

34 

13 

6 

18 

27 

S3; 

49 

76 

Sc 

42 

38 

X5 

I 

27 

3X 

28 

43 

62 

66 

62 

39 

19 

X7i 

23 

25 

39^ 

,^4 

67 

61 

66 

41 

34 

13; 

22 

36 

43: 

56 

6 $ 

58 

75 

37 

19 


79 

107 

96j 

04 

57 

aS 

12 

4 

1 


81 

IC4 

67 i 

46 

21 

S 

I 



...1. 

69, 

64 

Sx| 

s 

531 

I rS: 

’i 



2i 

f 

46; 

61 

r 

99:: 

t2i; 

129! 

88 

1 45: 

19 

6 

1 

2l. 

48 

72 

114;: 

raSl 

1 92: 

60 

1 25 

J4 

2' 

i 

67 

64 

I2i|; 

1 

icy '; 

i 

IC9 

52 

!“ 

6 

'*■ 

1 ' 





j... I 










r '^1 

.. J.' 


LJ 

i i 






sNum-j 
her ! Meaa 
1 of ilength* 


jinc^es, 
SC4' 8. c<9 


459i 

4691 

45 c| 

506 

55c 

639 

565 


705! 

649 i 

^2 


S. C7 

8. oa 

8.14 

S. J9 

5. c5 

6.95 
6.39 

6. S3 

7 . 77 
7 . S7 
7- 33 


7-74 

7 -S 6 

7.48 


CIRCUMFKRBNCB OF BARS 

As may be seen in Table lY, which shows the circumferences of smooth, 
medium, and rough types, the rough ears are relatively large in 
circumference,«those of the medium type are intermediate, and the smooth 
ears are small The differences are consistent and probably significant. 
Similar differences for the progeny of these ears occur as shOTO in 
Table V. 


Table? IV. — Frequency distribution of ears of various citctmijcren.ces ttsed for planting 
type test of Commercial White corn, igi&-ig20 




Number of ears ha'idng a 

circumference (in inches) of— 



Num- 

Aver¬ 

age 

dr- 

cum- 

fer- 

ence. 

Year and type. 

5 

5 y& 

sH 



sH 

sK 

sH 

6 

i 

i 

\ 

6 ?/s 

1 ' 

6 H'tf 46^4 

: i 

tH 

7 

ySi 

7 K 

7 f 4 

7 M 

i ber 
i of 
7H; ears. 

1 

19x6: 

Smooth. 






. . . 







4 


9 

IX 

7 


1 

... 



40 

Imkes. 

6.84 

Medium. 

Rough. 













2 

4 

7 

4 

7 

2 

IO 

8 

5 

6 

3 

7 

IO 

3 


40 

40 

6.91 
7.16 

1917: 

Smooth..... 







I 

1 

7 

5 

IO 

3 

6 

5 

I 




I 



40 

6.38 

Medium. 






... 



I 

I 

5 

IO 

IO 

4 

3 

3 

3 

3 

T 

3 

4, 

3 

S 

1 

2 


1 

40 

40 

A S 3 
6. Si 

191S: 

.Sitnontli 









s 





’ 

2 


... 

... 


... 



26 

6.19 

Medium. 









2 


5 

4 

5 

3 

S 

5 

I 

I 

1 

... 


I 

33 

6.60 

Rough. 

1919: 

pm Arif It 




1 3 



1 2 i 

A 

2 

1 

2 

;;;! 

3 

s 

,s 

3 

8 

( 

I 

j 

3 

I 


X 

' 

aS 

20 

7 -SI 

5.96 






i 

SH 

^ 3 1 

4 i 

4 




I 

I 



Tj 

. 





20 

Ai& 





! ^ 








r* ' " 




; X 

I j 







6. 5 S 

A06 

1920: i 

Smooth . , 



... 


4 

9 ^ 

jl 

13 

i 4 

i 2' 


: ^ 






! 


1 ,| 



40 1 









y 

-IO 

; s i 

: 7 i 


I 

» - *1 






"1 



r;: 

40 1 
^40 'J 

6. 41 

AVXC'W^uJLIJt* » • • • I 

"Rmiph 









j.y 

4 

15 

s 

4 i 

I 

X 




* '*j 




7, PS 

Five-year aver¬ 
age; 







i 

..J 










.. .i 







6* »7 

OXUUULII , « • . • 





!!! J 













i"*! 




jy;. 


6 * S 4 ' 

mti crib 






















1 


6,96 










L 




11 - 

■111 


_; 

111 


_ _ 

. .,,, 


ill 
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TabIvE V '.—Frequency distributioii of ears of various circmnferences in the progeny of 
smooth-, medium-^ and rough-dented types of Commercial White corn, igi6—igig 


Year and 
type. 




Number of ears having a circumference (in inches) of 





Num¬ 

ber 

of 

ears. 

Aver¬ 

age 

cir- 

cum- 

fer- 

eace. 

2H 

2/4 

2H 

3 



sH 

4 

4 H 

434 

4 H 

5 

sH 

5 K 

sK 

6 

6 H 

6}4 

6 H 

7 

7K 

7 K 

7 H 

S 

S 3 f 

igi 6 : 



























Inches, 











6 








Si 




s 
















6 : 

6 ! 

1 S 




So 












R.ou* 4 h.. 

1 -.. 








i. . . 



i ‘5 

! 

13 

24 


73' 

q?: 

89 

54 







469 


1917'. 

1 







1 

1 


i 

'i 























19 

^3 

- 'V 



93 


31 


i s 

2J 













1 "" 

j. . 



l-'O 

1 



(^3 

S'’ 

jS 






Rough.. 






I 

n 

!‘i 

j. . . 

i ^ 

4 


: 9 

"■3 

i -- 

2S 


46 

lOIi 

84 

70 ' 

4S 

i 30 

7 



530 

6- 57 

ig-i-'h 







i 

1 


j 

( 


1 ' 








1 





Smooth 








{ 4 

1 10 

IT 


79 


119 

114 

57 

23'. 

*7 

3 


!... 




639 

5. 29 

Medimn 




4 



i Q 

1 23 

16 

1 r,-, 




1 54 


4 

6 \ 


y ] 




565, 

5. 59 

Rough.. 




2 

3 



s 

i 7 

7 



34 

; S7 


iioS 

47 

40 

12 

3 

J 





4SS 

5. 72 

1919: 








1 



i 

jSO 




1 










Smooth 

j 

I 


3 




lie 

9 

12I r? 

ijS 

49 

i 93 



91 

7S 

26 

II 



o' 



705 

5. 79 

Xeditun 




i ^ 

j 

’ 3’ 2 

' 3 

I 


! rr 

I26 

34 

1 .'O 

! QO 


113:? 

92 

103 

38 


4 

n 

2 



649 

5. 94 

Rough., 


I 

2 


1 

2: I 



! s: 6 

'20 

19 

56 

47 

1 90 

104 

143 


72 

27 

12 

8^ 



692 

6. 21 

Four-year 







! 

i 




1 




1 












average; 







i 





















Smooth 






















i 





5.83 


J... 













i ' 











6.06 

Rough.. 


1 f 






















6.21 


r'' 

1 f 



! 1 i 1 





i_ 


p 



1 1 


j... 







WEIGHT OF EARS 

Tlie average weight of the seed ears of the three types used in planting 
varied but little after the first season. The data given in Table VI show 
that the smooth ears averaged slightly less tlian tlie medium, and the 
rough type slightly heavier. The differences are not entirely consistent 
and probably are not great enough to be considered significant. The 
data for the progeny as given in Table VII also show that there is but 
little difference in the average weight of the ears of the various lots. 


TabIvE VI .—FrequeJicy distribution of ears of various u-eights -used in planting iyp^ 
test of Commercial White corn for igi6-ig20 




Number of ears v/eighing (in 

grams) — 


Num¬ 
ber of 
ears. 


Year and type. 

175 

to 

200. 

200 

to 

225. 

223 

to 

250. 

250 

to 

275. 

“73 

to 

300. 

SO'S 

to 

325- 

3“3 

to 

3 SO. 

330 

to 

375 * 

37 S 

to 

400. 

400 

to 

4 =S. 

425 

to 

4 SO. 

Avera.ge 

weight. 

1916: 


i 









1 Gm. 













! 










. 



i 

1917: 




1 

6 

S 

10 


6 

. 


40 

40 

40 

321 

330 

361 








IS 

9 



I 


Rough. 






3 

10 




1918: 

Smooth.... . 





7 






306 

300 

350 

257 

Medium..... i 





K 

12 

5 



’"’l’ 


33 

Rough...... 




5 


3 

3 

4 

3 



X919: , 

Smooth...... 



6 

7 

3 

.i 


1 





Medium,.... 




4 

2 

X 

I 

X i 

. 

1 




Rough.... 

2 



6 

4 ■ 

3 

I 






1920; 

' Smooth,..... 



7 

13 

6 

6 

4 

3 ‘ 

' I 



40 

40 

40 

286 

Medium, ,.,, 


X 

3 

6 

II! 

II 

6 



. 


293 

295 

, 290.9 

Rough, . 

I 

, I 

3 

$ 

! 1 
1 

9 

5 

^ ! 




Five-year aver¬ 
age; 

Smooth . 

' 1 






1 

i 



' Medium .,,.. 





j...... 





j...... 


■ ’ Rough ...... 








j 










1. 



J 




j 3 4 *. 


a No data. 
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Tablh^ VII. Frequemy distribution of ears of various weights in the progeny of smooth-^ 

medimri’', and rough-dented types of corn, ipid-'jgip 


Year and type. 



Number of ears weighing (in grams)— 



i 

Average 

weight. 

0 

to 

50- 

to 

100. 

ICO 

to 

ISO- 

150 

to 

200. 

200 

to 

250. 

250 

to 

300. 

SCO ; 350 
to ; to 
350. i 400. 

400 

10 

45'^- 

450 

to 

300. 

'.Nurn-! 
her of! 

; ears. ! 

1916: 







I 



! 

Gm. 

Smooth. 

24 

37 

36 

56 

6=; 

90 

i •rj 

22 

3 

' 594 i 

SZ7 ,1 

Medium... 

15 

27 

2S 

62 

66 

95 

S9 ! 63 

9 


459 ' 

252.6 

Rough. 

4 

37 

31 

,37 

72 

106 

107 j ?4 

19 

2 

; 469 i 

26Z, 5 

1927: 












Smooth. 

10 

40 

59 

62 

87 ' 

ic6 

72 ' 39 



' 450 , 

2:28- 3 

Medium. 

1 17 j 

43 



95 



i U ! 




Rough .i 

r6 1 

43 

455 

67 

90 

92 

' It 

I , 

19 ; 

! 


i 

^ 53 ' 3 

191S: 

1 


, *+- 


; } 


Smooth .i 

3S : 

73 

119 1 

21S 

254 1 

34 i 

3 !. 

.i 


'' ^39 1 

16^. A 

Medium. 

59 

S6 1 

4 ! 

IS5 

119 I 

19 , 




: 5^5 j 

I4S. 2 

Rough . ! 

42 

65 j 

105 j 

257 

91 ; 

25 ' 





<*• ml M Jj 

195® ^ ! 




1 

j 


4 SS| 

4 

Smooth . 

23 

2?; 

57 ! 

1 91 i 

120 

1S2 1 

173 i 

do i ‘7 

1 




Medium. 

ai 1 

So ! 




Hy r 4 

ST ! V i 



1 t ^ 

649 ? 

2w2« 4 

Rough . 

22 



13s 

136 ! 

160 i 

89 j 14 ! 

1 ; 

“'F| 


i 50 *’ 


Four-year average: 



79 j 




. ^9- j 


Smooth. 



' i 




.‘.1 



.. 1 

210. 7 

Medium. 


.!. 


_^.i_;_ 

1 




Rough.. 


.j. 

i 1 



;. I 

9 



1 


: i 


1.1 

..I,* 9 


NUMBER OF ROWS OF KERNEE3 PER EAR 

The data for number of rows of kernels per ear for 'the com used in 
planting tlie type test were not determined the hrst season. The results 
for 1917, 191S, 1919, and 1920 are given in Table VIII. Thedatashow 
that the mean number of rows per ear has remained practically sta¬ 
tionary ill the medium type, decreased in the smooth type, and increased 
in the rough type. Data for the progeny show similar though somewhat 
smaller differences. 

Tabce VIII.— Frquency disinhiUion of ears with various mimber of rows of kernels 
used for planting type test of Commercial coni for igiy-ig20 
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Tabi^ej IX .—Frequency distribution ojf ears with ‘various numbers of rows of k&mls in 
the progeny of smooth^ medium, and rough types of corn^ igi6-igig 


Year and typ&> 



Number of ears with- 




Num¬ 
ber of 
ears. 

Average 
numher 
of rows. 

6 

to-ws. 

8 

rows. 

10 

rows. 

12 

TOWS. 

14 

rows. 

16 

rows. 

.s 

TOWS. 

20 

TOWS. 

22 

TOWS. 

S 4 

rows. 

26 

TOWS. 

1916: 














Smootli. 










I 



Si 

}ifedium. 




83 





T 



'’Jo 


Rough.. 



5 

66 

171 

13S 

70 

14 

3 

r 

I 

469 

T4 9 

XS« X 

I 9 I 7 *- 














Smooth. 





183 









Medium. 



14 





iS 

3 

6 



506 

ZK. 0 

Rough. 



^3 

Sg 

165 

i6c 

gj 

45 ' 




530 

15.0 

igiS: 




4 



Smooth. 



27 

155 

2=113 

ISO 



I 



610 

T1 0 

Medium. 



25 

109 

209 

155 

44 , 
<*7 

y 

It 




565 

-*• 3 * y 

lii- < 

Rough........ 



20 

Si 

iSi i 

143 

V i 

50 

9 

2 



4S8 

14, 7 

1919: 










Smooth. 

3 

II 

27 

147 : 

-95 

171 

441 

6 

I 



70s 

14.1 

Medium. 

I 

6 

21 

98 

250 

2CS 


14 

X 



649 

i 4 * 7 

Rough. 

4 

4 

11 

Si 

2C6 

219 

119 

3S 

S 

I 

I 

692 

IS. 4 

Four-year average: 














Smooth.. _ _ 













2 

Medium. 


j 1 



! 





74. 8 

Rough. 


- . . i. 



\ 





IS. 2 



i 1 



1 i ! 






LENGTH OF KERNELS 

The data presented in Table X show that the length of kernels of the 
ears selected for planting have averaged 0.422 inch for the smooth 
type, 0.473 for the medium, and 0.512 for the rough. Continuous 
selecting of smooth, medium, and rough ears appears not to have 
changed the relative length of the kernels during four generations, as 
shown in Table XI. In other words, there has been a marked regression 
toward the mean of the variety, which probably indicates that the 
length of the kernel is influenced more by environment than the other 
characters that have been studied. 


Tabbb X. —Frequency disirihuiion of ears with various lengths of kernels of ContMCfcial 
White corn used in planting, igx6--igig 


Year and type. 


Number of kernels havin 

g a length (in inches) of— 


Num¬ 

ber 

Average 

Ix/32 

12/32 


14/32 

xs/32 

16/32 

Z7/32 

2:8/32 

of 

ears. 

length. 

1916: 


4 

9 






40 

40 

0. 416 
.478 

Medium. 




13 

16 

9 



Rough 







19x7: 

Smooth. 



rs 


2 




40 

40 

40 

i 26 


Medium. 


j 




3 


.481: 

>494 

■435 

.470 

■487 

. 428 

.464 
,■ 517 

' »423 

Rough 



. 



19 


3 i 

191&* 

Smooth 



8 

8 

6 


1 

Medium........ 



I i 

10 

10 

11 

I 


■ 33 

: 23 

Rough 




4 

9 

10 

3 


1919: ' , 

Smooth.. 



6 

8 

4 



! 

! 20 

Madittra.,.__ 



3' , 

2 

12 j 

2 ; 


X , 

! 20 

Rough.. 





I 1 

0 i 

1 

■ , j 

2 

S ' 

20 i 

Four-year average; 
SmTOth __ 




i 

. 1 



'■.i 

' .Medium...,,,,, 




■.i 

.J 



. ... 

' , 4^3 

'Rniiig'liit . , 




1 






I”.1- ■■ 

. 

. ■ i 





; < 57s 
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TabIvS XI.— I^requeticy distnhiiiion of ears of Tiarious lengths of kernels in ihe progeny 

of smooth, medium, and tcu^hcom, igid-xgig 





Xumber of kernels having a length (i 

n inches) o 

- 

Xiim- 

Aver¬ 

age 

Year and type. 







( 





i 

her 

length 


7/32 

8/32 

9/32 

10/33 

11/32 

12/32 

X3/32 

14/32 

is/32 

16/32 


iS/32 

'19*32 

ears. 

of 

fcerud. 

1916: 















Inches, 

Smooth. ... 

z 

3 

2 

27 

39 

139 

143 

no 

28 

II 

I 


. 

504 

0. .383 

Medinna ... 


7 

5 

12 


97 

IIS 

ri6 

34 

36 

4 

X 

. 

459 

.407 

Rough. 




17 




128 

4S 

-6 

6 




1917: 

Smooth. 












5 

3 


4 ir 

2 

6 

14 

44 

H 

166 

ss 

57 

iS 

7 

2 

2 


490 

-37t 

Medium... 

6 

9 

rS 

47 

63 

150 

92 

65 

35 

16 

5 

... . 


506 

•3S5 

Rough. 

9 

17 

26 

50 

81 

155 

86 

62 

22 

17 

5 



530 

-375 

1918: 
















Smootn. 

7 

17 

35 

83 

II3 

195 

94 

59 

26 

5 

I 

I 


639 

-35® 

Medium. .. 

IS 

13 

iS 

37 

74 

1S2 

9S 

65 

49 

26 

2 ! 

z 


565 

"379 

Rough... 

13 

s 

ts 

41 

35 

' 145 

63 

: 

41 

1 41 1 

5 1 

1 S 


4SS 

-aSs 

1919: 
















Smooth . 

I 

17 

iS 

5^ ; 

Si i 

137 

124 

154 

71 

54 1 

16 1 

X 


70s 

.400 

Medium . 

2 

1 

17 

36 1 

58! 

120 

133 i 

147 

79 

SO ; 

3 I 

2 


649 

.409 

Rough. 


7 

7 

24 1 

51 i 

S2 

13s 

177 

116 

66 ' 

23 ! 

4 


692 

*425 

Four-year average: 



] 


I 











Smooth. 



? 


.1 



i 

! 






-37S 

Medium.. 







S' 








-395 
* 3 S 9 

Rough... 






1 






.... . 

IT] J 





-i.J.;- 

i • f 

til': 

\ 

i 



TBANSMISSrON OF INDISNTATIOX IX THB PROGENY OF SMOOTH, 
MEDIUM, AND ROUGH TYPES OF CORN 

The number of ears of each type in the progeny of each type is shoim 
in Table XII, The results are illustrated in figure 1 and Plates 84 to 87. 
The data show that there was a marked tendency for the smooth, medium, 



Fig, i.—Transiaissioii of tiie character of indentatioii ia the progeny of continuously selected smooiii, 
medimii,aiidroaghtypesofcorii. The coltimns show theniaoiberofearsoftherespectiyt types in theprogr 
eny of smooth-, rnediimt-, and rough-dented Commercial White com for eadi season. 


and rough types to transmit their respective type characters to the 
progeny each season. This fact is most apparent in the smooth 
For each successive season the proportion of corn of the smooth type in 
the progeny increased over that for the preceding season. There was 
very little variation in the medium type except for the dry season of 1918. 
The percentage of ears of the smooth type that season was greatly 
increased, apparently because of the effect of drought on the development 
of the ears. This also occurred in 1919, but not to the same extent. 
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The rough type failed to produce as high, a percentage of ears of the 
parent type as did the others. This was especially true in the dry seasons 
of 1918 and 1919. It seems, therefore, that seasonal conditions, especially 
drought, have a decided effect on the indentation. 


XII .—Transmission of ike character of indentaiion in the progeny of smooth^ 
meditim, and rough types of corn, igi6-igig 


1 

Year and type. i 

Number of ears in the progeny. 

i 

\ 

Smooth, 

Meditim. 

Rough. 

1 

1916: ; 

Smooth....J 

3-5 

72 

75 

Medium.... 

172 

316 

190 

Rotif^h.. . .,, . , - - i 

W 


1917: i 


i ^ 


Smooth.1 

304 

S3 

4S 

Medium....... .1 

lid 

356 

226 

Roiisrh.....! 


67 

‘ 246 

191S: i 

Smooth.......: 

! 454 

241 

150 

Medium...: 

j 160 

303: 

325 

Roiis;h... 

i 9 

/5 - 

52 

1919: 

Smootli—. 

1 

1 1S6 

0 

isa 

0** 

61 

Medium. 

450 i 

36S 

Rou^h..... 

i 

4; 

263 

I 


RATIO OF GRAIN TO COE 


The relation between smoothness of ears and the ratio of grain to cob 
are shown in Tables XIII and XIV. These data sliovr quite conclusively 
that the percentage of grain to cob increases directly v/ith the length of 
the kernel. For every season the smooth type had the lowest per¬ 
centage of grain to cob in the ears used for planting and in the progeny, 
while the rough type had the highest percentage. The percentage of 
grain to cob varies wi'th the seasons. It was relatively high in the 
season of 1917 when conditions tvere very favorable for com during the 
fruiting period, and it was relatively low during tlie hot, dry season of 
1918. 


TabcS XIII .—Ratio of grain to cob in smooth, medium, and rough ears used for planting 

igi6-ig20 


Year and type. 

Percentage : 
of grain to ; 
cob. ■; 

Year and type. 

Percentage 
of grain to 
cob. 

1916: 

Smooth. 

77.9 

1919: 

Smooth.... 

76. 9 

Medium... 

79 - 5 

Medium... 

79.0 

Rough... 

80.9 

Rough,.'... 

'81. 2 

,1917;' 

Smooth...*.. 

82, 96 

1920: 

Smooth... 

80. X 

Medium..... .. 

83. 70 

Medium.... 

82.3 

' Rough........ 

%*93 

Rough......... 

84. 0 

Smooth... 

80.8 

Snd 

Rwe-year average; 

Smooth-... 

79 * 7 

' Medium, . 

Medium. 

8x, 2, 

i'T' Rough.'._: 

, 82. 4 

Rough,,... —..i 

82. s 
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XIV .—Percentage of grain to cohfor the progeny of smooth, medimn, and rough 

ears, igi6~ipig 


Year and type. 

Percentage 
of grain to 
cob. 

i' Year and type. 

Percentage 
of grain to 
cob. 

igi 6 : 


i 1919: 


Smontli. 

77-9 

ro. 

Smootii.................. 

'’6. 9 

Mediiim. 

Mediuin... 

79. 0 

? T ? 

Rou'd"^.... 

80. " 

1 Rough.. 

1917: " 

S moo til.. 

I 

So. 7 i 

Font-year average; | 

Smooth.. 

7 $. 2 

Medium...i 

Si. 4 i 

? Medium. ...i 

70 . 7 

Rotwli...i 

82.3 

Rourh. 

1 y / 

81.0 

iQiS: ' 

, ( 

Smootb. 

77-5 ! 

! 


Medium... 

7k 9 1 

li 


Roueh. 

80.0 1 

1 ! 



PEACTICAIv APPLICATIOK 

Because of tlie popular cpinion that smootliiiess of ears is an indication 
of deterioration^ the results of this study are of practical interest. Sniootli 
corn has ser^eral advantages over inediiim or rough. 'Every corn grower 
knows that the smooth type is much to be preferred at husking time- 
This type is not so subject to damage irom molds and other fungi fol¬ 
lowing injury to the ears from the com earworrn. The latter factor is 
often an important one, since moldy corn is dangerous to feed. Rough 
ears, because of the length cl kernel and circumference of the ears, do 
not dry out as rapidh^ as 'the smooth type, and for this reason they are 
more likely to be low in vitality as a result of freezing. Smooth kernels 
are less likely to rot when conditions for germination are unfavorable. 
It would seem, therefore, that the com grower should not hesitate to 
select smooth ears. It may be well to select slightly rougher ears than 
are desired in the progeny, since there appears to be a decided tendency 
to var}^" tow-ard the smooth type. It is also well to do this in order to 
avoid a hard, flinty type of kernel that vrould be unsatisfactoigr for feed¬ 
ing without grinding. 

CONCLUSIONS 

The popular opinion that smoothness in corn is an indicatibn of 
deterioration and reduced yielding capacity appears to be erroneous. 
In the experiinents reported the smooth type yielded as w^ell as the 
medium and rough types on the average and indicated that under adverse 
conditions it will yield better. 

Continuous selection of smooth and rather short kernels for four gen¬ 
erations increased the average length of the ears, decreased the circum¬ 
ference, slightly decreased the weight, decreased the number of rows 
per ear, and decreased the length of the kernel .and the percentage bf 
shelled grain. 

'On the other hand, continuous selection of rough and rather'long 
kernels decreased the average length of the ear, and increased the^ cir- 
'cumference but had no significant, effect 'on'the' weight, of e,ars,,the.num¬ 
ber of rows per ear, the length of the kernel, or^the jp^centage, of grtei*-, 




















PLATE So 


Typical ears of the smooth-dented or short-kemeled type selected from Com¬ 
mercial White com. 
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Plate 80 
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PLATE Sr 

Typical ears of tlie meditim-dented or meditim length of kemei type of Commer^ 
cial com. 




PLATE 82 

^^pkal ears of the rough-dented or long-kemeled type of Commercial 
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PLATE S3 

Typical kernels from smooth,, rough, and medium ears shomi in Plate 80 (left 
Plate S2 (center), and Plate 8x (right). 



PLATE S4 

Typical seed ears of Commercial White com after four generations in which 
smootli-dented seed ears were contimiousiy selected. 
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PLATE 83 

Typical seed ears of Commercial White corn after four generations in which 
medium-dented seed ears were continuously selected. 

48495°—21-2 







PLATE S6 


Typical seed ears of Commercial WTiite com .after four generations in wLicIi 
iBtig 1 i* 4 eated seed ears were contlntionsly selected. 
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PLATE 87 

Typical kernels from the smooth-, rough-, and medium-dented seed ears shown 
in Plate 85 (left), Plate 86 (center), and Plate 85 (right), respectively. 





DISTINGUISHING CHARACTERS OF THE LARVAE 
STAGES OF THE OX-WARBLES HYPODERMA BOVIS 
AND HYPODERMA LINEATUM, WITH DESCRIPTION 
OF A NEW LARVAL STAGE 


By E. W, Eaakb ^ 


Scientific Assisianiy Investigatioiu of Insects Affmiing ike Health of Ani-mals, Bureau 
of E7iio7nology, United States Deparinierd of Agriculture 

Since it lias been unquestionably shown that the two species of Hypo- 
derma are of great economic importance on account of the injuries 
caused by the larvae or grubs in perforated hides, the loss of flesh, and 
diminished milk production of cattle, it is important that more, be 
known about their morphology in order that they may be distinguished 
readity in all stages. 

The purpose of the present paper is to show the value of the posterior 
stigma! plates and other characters for differentiating the four larval 
stages previously known and to describe a new larval stage of Hypo- 
derma iiueaium De Villiers. In making a careful study of the larva it was 
found that very reliable characters existed for distinguishing larv® of H, 
lineatum and H, hovis De Geer. Separation of these two species in the last 
two stages was found to be easy by comparison of the form and sfructure 
of the posterior stigma! plates. The character of the spiny armature, 
which was first described by Brauer and %Yhich has been entirely relied 
upon by all investigators up to the present time for the distinguishing 
of the species, is good only for the last or fifth larval instar; while the 
characters of the stigma! plates permit, with absolute certainty, the 
differentiation of the fourth as well as the fifth larvml instar. 

The stigmal plate is a complicated structure, and it will be,considered 
here only in so far as it is of importance in differentiating the two' species 
in question. J, C. H, De Meijere (Sfi has given an admirable ,descrip¬ 
tion of the details of structure and functions of, the posterior stigmal 
plates of H. bovis. 

The plates vary greatly in the different stages of development and' to a 
considerable extent in the same stage. There may even be a marked 
variation between the two spiracles on the same specimen. Yariabie 
as they may appear, however, there are always certain definite associated 
characters which can be relied upon for each,species. 


^ The author ■^mhes to express his thanks and appreciation to Hr.' F, C. Bishopp, Enta,raolQgist, Jnvesfr 
gations of laasects, Affecting the Health of Animals, Bureau of Entomology, for his help and suggesdons ia 
many ways in caiTying out these studies; to Hr. H. B, Bradford, Artist, Bureau of Entomology, whh ■ 
executed the drawings of 'figures 5 to 23, "indusive; and to Hr. R. W. Weils, Sdentific Assistant, Butmu, 
of Entomology, for, valuable material coUocted in various parts of the United States. , , 

2 Reference is made bynmnber (italic) to " 'uiterattire cited/' p. 45 *“ 4 S 7 -. 


Journal of Agricultural Research, 
Washington, n* C, - ^ 

m 



voL3aa,my 
July X, I#* 



440 


Journal of Agricultural Research 


Vol. xxi; No. 7 


Tile anterior spiracles located above and on eitlier side of tlie moutli 
are described in detail by Carpenter and Pollard (j). These organs, in 
so far as they have been studied, do not lend sufFicient definite char¬ 
acters to be of any material value in differentiating the two species. 

In order to arrive at an interpretation of the structure of the posterior 
stigma! plates, so far as is necessar}^ in the present paper, it will be best 
to consider the last or fifth larval instar. 

If a transverse section of the stigmal plate is viewed witli a medium- 
power microscope it wdll be seen that the plate is composed of tliree 
layers which may be designated as the external, the middle, and the 
internal. The internal part, often visible in newly molted specimens 
viewed from the external surface with a deep focus, is composed essen¬ 
tially of a series of irregular, chitinous, plate-like structures which vary 
greatly in outline but are fairly constant in number for each species. 
These radiate from the tracheal chamber. The middle layer is composed 
of a series of tubes or stems that arise from the internal plate-like struc¬ 
tures and terminate at the surface in a disk, the margin of which is most 
heamly chitinixed, giving a ring-like appearance. This is surrounded 
by supporting tissues. Surface views of the plate often show the separa¬ 
tion and even the form of the internal series of structures by light sutures 
dividing these disks or ring-like structures into sections similar to those 
in the internal layer, but not so clearly defined. 

Prom surface views of the plates they naturally vaiy' according to 
the si2:e and number of the disks or ring-like structures, and it is this 
variation which is so useful in differentiating the lar\’‘8e of the fourth 
instar. 

Brauer (i, p, 125) mentions only three lar\ml stages of H. bovis. The 
first stage he regards as unknown and calls the two large spiny stages 
appearing in the backs of cattle the second and third. In 1888, 
Hinrichsen (6), a veterinarian in Husum in South Jutland, published an 
article in which he related his fi.ndings of another stage of Hypoderma 
larvae in the spinal cavity of cattle. This is the first mention made of 
what had so far been considered as the first-stage larva or the stage 
which Brauer regarded as unknown. 

In 1S90, Cooper Curtice (4), of the Bureau of Animal Industry, 
United States Department of Agriculture, first noted the appearance of 
a similar stage of a Hypoderma larva which he terms bovis^ appear¬ 
ing in the esophageal walls, under the pleura near the eleventh rib and 
'subcutaneous tissue of the backs of cattle. He speaks of this 
' 'Itage as'the first-stage larva. This stage was unarmed with spines and 
imBke 'the^ twoi^ger, armed stages described by Brauer in the backs of 
cattle. This was really , not the' first-stage larva, asU./V. Riley (9), 
of the Bureau of Entomolo'gy, in 1B91, first described'the real first-stage 
brva of H. Unmium which he obtain^, from the egg just before hatch- 
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ing. Riley found that this young or first-stage larva was armed 
heavily with spines and was wholly unlike the much longer^ apparently 
unarmed larva found by Curtice in the esophageal walls or by Hin- 
richsen in the spinal cavity. Riley states that— 

In the absence of any knowledge of an intermediate fomij the lar\"a found in 
the esophagus may be considered as the second stage 

and designates the two stages found by Brauer as the third and fourth 
stages. In 1914^ Glaser (5, jo), of Germany, and Carpenter, 
Hewitt, and Reddin (a), of Ireland, first observ^ed the first-stage larva 
of H. bovis outside of the egg. The three last-named investigators 
give a complete illustration of the first-stage lar\^a as it appears after 
emergence from the eggshell. 

So far the four larval stages mentioned above have been the only 
ones knoTO, but during recent studies by the writer for the purpose of 
determining distinguishing characters of all the larval stages of both 
species the fact was revealed that there is another stage to be found 
in the esophagus of the host. This new stage is unlike the small, 
heavily armed larva that hatches from the egg or the larger, spineless 
lar\"a that is later found in the esophagus or on the back before molting 
to the next spiny stage, formerly known as the third stage. Careful 
examinations -were made of a large series of larva of all sizes measuring 
up to 14 mm. in length taken from esophagi and others measuring as 
high as 16 mm. extracted from the backs of cattle shortly after the 
hole through the hide had been completed but before the molt' to the, 
next larger ot spiny stage had taken place. These studies conclusively 
revealed that the smaller larvae in the esophagus are not of the same 
stage as some of the large larvae measuring from ii to about 14 mm. in 
the esophagus and all of those that later appear in the subcutaneous 
tissues of the back. Since the smaller armed lar\"a found in the esophagus 
differs from the first stage hatching from the egg it must be considered 
the second stage, the large, spineless larva in the esophagus and in the 
back the third stage, and the foUowmg two armed stages as the fourth 
and fifth. There still remains, of course, the possibility of the occurrence 
of other intermediate stages, especially between the first stage and the 
first one found in the esophagus. The third or manned stage that 
reaches the back molts from the smaller or armed' second stage before 
it leaves the esophagus, or possibly, in some instances at least, on its 
journey to the back. Many specimens from gullets as long as 14’mm. 
are still in the second stage while others similarly located and measuring 
as low as II mm. are in the third stage The early investigators over¬ 
looked the unarmed stage in the back'and concluded that .there were 
only two stages encysted under ^the skin. ' This oversight was probably 
due to the fact that at the time the unarmed larva has punctured the 
hide and is undergoing the molt: to the next stage the swelling or the 
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''bump’" of tlie newly encysted larva is so slight that it remains un¬ 
noticed even by a close observer, and later when more growth has 
taken place and the swelling has enlarged sufficiently to become plainly 
noticeable the larva is already well advanced in its next stage. 

DIFFERENTIATION OF H. TINEATUM AND H. BOVIS IN THE FIFTH 

INSTAR 

In the first, second, fourth, and fifth instars the larvm of both species 
bear a heavy, spiny armature in transverse rows, either broken or con- 
tinuotis, across their body segments. Brauer found that hy the presence 
or absence of armature on a certain posterior segment he could definitely 
identify the larvse of the fifth instar, heretofore called the fourth stage, 
by this character alone. In studying hundreds of specimens of both 

. Vefitral Lateirat Oars a! ___ Lateral 

I 

e 

3 

4 

5 

6 
7 
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ID 

II 


rio. I .—Hypoderma iwaimn: Arrangement of Fig. 3 . — Hypod&rma imealu7}i: Arrangement of 
spines on tiie segments of a fifth-stagelarva ■with spines on the segments of a filtli-stage larva witii 

a light coat of armature. a heavy coat of armature. 

spedes.the writer found that this character always holds true and is 
therefore a good one. 

The arrangement and variation in the distribution of the spiny 
armature in fifth-instar larvse is clearly shown in figures i to 4 and 
Tables I and TI» Figures ,i and 2 and figures 3 and 4 represent, respec- 
Myely, the heavy and light, armature of H. lineatum and H, bovis. , The 
y^ations presented in Tables I and II are based upon a detailed,study 
of the armature on 106 larv^ of’ if. lineatum and loS if. bovis. 

In the.tabl^. and, .diagrams ,Brauer (j) is followed in considering the 
first segments' '.as cephalic' and markal i, as these segments are so closely 
fused and the sutures dividing, them are-often so indistinct that, they 
appear as one. This,method of, diagraming the spines, is'«.a’device adopted 
by Brauer to indicate the differencein„'Spine distribution 'in 'the different 
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species. The wide spaces of the diagrams represent the ventral surface 
(on the left) and the dorsal surface (on the right) and the narrow spaces 
the three rows or lateral divisions. The present diagrams were enlarged 
by the addition of the three narrow spaces on the right in order to show 
both lateral surfaces and indicate the variations of the spiny armature 
so often found on the lateral divisions of the same specimen. The 
spines on the anterior and posterior borders are represented in size and 
approximate number as they appeared on the specimens selected for 
study. On the anterior border the heavier spines ctir\^e backward, 
and on the posterior border the numerous smaller spines cur\'e forward. 

By referring to the tables it will be seen that the variations in distri¬ 
bution of spines are more marked on the posterior borders of the seg- 



riG. s.—Hypoderma bovis: Arrangement of spines VlG. 4,—H:.-pGd€?}yMhrJs: Arrangement of spines on 
on the segments of a fifth-stage larva ■with a the segments of a fifth-stage larva with a hea'vy 
light coat of armature. coat of armature. 


ments except on the' ventral surface. On this surface the occtirrence 
of spines 1$ almost constant—that is, all segments from 2 to 10 are 
armed on their posterior borders in H, limaHmi and all segments from 
2 to 9 are so provided In H. bovis. The spines occur on the anterior 
borders of segments 2 to 9 in both species, only one exception being 
noted in H. Imcaimu, in ivhich^ segment 9 %vas unarmed on this bord^er,' 
and in H. bovis one instance in which segment 10 was armed anteriorly, 
in addition to segments 2 to 9, inclusive. On the lateral di\ 4 sioiis of 
the segments and on'the dorsal surface the variation in occurrence of 
spines is much more marked., It is not'uncommon to fed certain'seg¬ 
ments unarmed dorsally' while on either side spines are fotuadv, The, 
number of larvm showmg such variations is indicated by letters in the 

figure columns vdiich refer to footnotes. ^ S'-'SSlr'' 
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Tabli$ I.— Distribution of spiny armature an the segments of fifth-stage H. lineatum 
larvee, based on io 6 specime-m shidied 


Armature on 

Ventral. 

Ventro-laieral. 

Medio-lateraL 

Dorso-laterai. 

Dorsal. 











segments 'No. 

Ante- 

Poste- 

Ante- 

Poste- 

Ante- 

Poste- 

Ante- 

Poste- 

Ante- 

Poste- 


rior. 

rior. 

rior. 

rior. 

rior. 

nor. 

rior. 

rior. 

rior. 

rior. 

2 to 10 . 

0 

106 

0 

^ 19 

0 

I 

0 

a 32 

0 

c 13 

2 to 9 . ......... 

105 

0 

34 

I 

0 

0 

0 

a 5 

a 2 

C 9 

2 to 8 . 

I 

0 

64 

0 

^ 20 

0 

79 

0 

7 88 

0 

2 to 7 . 

0 

0 

S 

0 

29 

0 

22 

0 

^ 16 

0 

2 to 6 . 

0 

0 

0 

0 

48 

0 

5 

0 

0 

0 

2 to 5 . 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

3 to 9. 

0 

0 

0 

6 

0 

ct iS 

0 

C II 

0 

^ 10 

4 to 9 . 

0 

0 

0 

0 7 

0 

« 18 

0 

4 

0 

4 

5 to 9. 

0 1 

0 

0 

0 

1 0 

2 

0 

4 i 

0 

15 

3 to 10.. 

0 1 

0 

0 

^ 47 

0 

& 28 

0 

C41 1 

0 

16 

4 to 10.... 

0 1 

0 

0 

26 

0 

^34 

0 

5 1 

0 

27 

5 to 10.. 

0 ' 

0 

0 

0 

0 

1 ® 3 

0 

3 i 

0 

10 

4 to 8. 

° 

0 

0 

0 

0 

a 2 

0 

0 

0 

0 2 

Total larvse.; 

j 106 

106 i 

106 

106 

106 

i 106 

106 

106 

106 

j 106 


o One specimen witii i or more unarmed sesments bet-vveen the first and last armed segments as given 
in first colmun. 

& Two specimens with i or more tmarmed segments between the first and last armed segments as given 
in first cohinm. 

c Three specimens with i or more imarmed segments between the first and last armed segments as given 
in first column. 

d Tour specimens with i or more tmarmed segments between the first and last armed segments as given 
in fi,rst column. 

« Ten specimens with i or more unarmed segments between the first and last armed segments as given 
in first column. 

/ Torty-one specimens with 2 or more unarmed segments between the fi,rst and last armed segments as 
given in first column. 


TablB II .—DisiribtUion of spiny armature on the segments of fifth-stage H. bovis 
larvce, based on loS specimens studied 


Armature on seg¬ 
ments No. 

Ventral. 

Ventro-iatcral. 

Medio-lateral. 

Borso-iateral. 

Dorsal. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

2 to 10 . 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 to 9. 

107 

108 

b 29 

I 

0 

0 

0 

0 

0 

0 

2 to 8. 

0 

0 

d 65 

089 

a 2 

^43 

0 

g 84 

0 

82 

2 to 7 . 

0 

0 

II 

16 

a 2 

^ 4 X 

10 

c 12 

0 

» iS 

2 to 6 . 

0 

0 

3 

I 

14 

I 

a iS 

0 

II 

0 

2 to 5 . 

0 

0 

0 

I 

33 

» 2 

“35 

0 

/ 27 

0 

2 to 4 . 

0 

0 

0 

0 

55 

0 

26 

0 

13 

0 

2 to 3.. . 

0 

0 

0 

0 

2 

I 

iS 

0 

52 

0 

3 to 7.. 

1 0 

0 

0 

0 i 

0 

^9 

0 j 

X ; 

0 

i 2 

3 to 8... 

' 0 

0 

0 

0 ! 

0 

ag 1 

I 

c 6 1 

0 

6 

4 to 8... 

i 0 

0 

0 

0 

0 : 

I 

0 

I - 

0 

0 

si to'V . 

' 0 

0 

0 

0 

0 ' 

0 ^ 

0 * 

■55 ' 

! 0 

0 

^ w / . . ... 

5 to 8. 

; 0 

0 

0 

0 

0 

0 

0 

J 

I j 

0 

0 

2 . .. . 

0 

0 

0 

0 

0 

0 ! 

0 

0 

1 5 

0 

4 -*-* . 

' 0 

0 

1 

0 

0 , 

1 ° 

I 

0 1 

0 

1 0 

0 

Total larvae. 

j 108 

108 ! 

108 

I 108 ' 

1 108 

108 

108 i 

108 

108 

108 


\ * Otoe roedmen. with i or more unarmed segments between the first and last armed segments as given 
in first colinnii. 

Two specimens, with 1 or zncffe imarmed segments between the first and last armed segments as given 
in first ccfiiimn. 

' « Three i^pedmens with i or, more unarmed segments between the first and last armed segments as 
infest 

« fex' spmmeas. with 1 or more .unarmed segments between the first and last armed segments as'given 
in fiM mmmn, 

^ vritk j cr awrc tmarmed segments between the first and last armed segments as given 

m fesfcocAttwa.. 

with 1 segments betwem 'the.first and last armed segments as given in ’ 

, W .X ,cw'''iimwp' marmed' segments betwem' the .first and last armal seiments 'as 
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■\\liile the presence or absence of spines on the posterior border of thi 
tenth ventral segment is a good distinguishing character of the fifth-stage 
larva, it is much simpler to distinguish the two species by the shape 
and structure of the posterior stigma! plates. The flat or level surface 
of the plate of H, lineakmi (fig. 5) compared vdth the distincth" cup¬ 
shaped or funnel-form surface of the plate of H. bovis (fig. 6) is so well 
marked that the species can be identified with the naked eye at 
sight. If the hair surrounding a warble hole through the skin of an 
animal is parted and a slight pressure is applied to the skin so as to 
bring the anal segment of the warble near the surface of the skin it can 
be viewed through the hole, and a glance is sufficient for determination of 
the species without extracting it from the host. The size of the stigma! 
plate of H, lineaimn is from 0.837 to 1.07 mm. and that of H. hovis 
from 0.971 to 1.27 mm. at its greatest diameter and does not change 
in size witli either species throughout this instar. The structtire of the 
stigma! plates of H. linmium is so formed that the light-colored space 
between the inward-curving borders around the tracheal opening of the 



Fig. s-r-Hypoderma Unmimn: Posterior stigmal Fig. 6.—Hypodefmu bovis: Posterior stigma! plates d 
plates of fifth-stage larva. Greatlyeolarged. fifth-stage larva. Greatly enlarged. 


respiratory area is usually more than twice as great as the corresponding 
area in H, bovis. This difference is especially noticeable in the younger 
or lighter-colored specimens. As the larva of the fifth stage grows to 
maturity and darkens from a light or cream color to black the color 
of the stigmal plate also changes, uniformly, and the age of the specimen 
can thereby be fairly accurately determined while the grub is still ,iii 
the host. Wffien the larva has Just molted to the fifth instar the color 
of the plate ■ is light orange throughout. As the larva adtaiices in 
age the border of the plate turns to,a dark brown, A little later the 
entire plate turns dark bro^ra, and finally just prior to emergence the 
plate darkens to black. In a series'of expmments with various lar- 
vicides, conducted at Balias, Tex., the results of which are to' be pub¬ 
lished later, the color changes of the stigmal plate were very useful in' 
determining the age of the lan^ae in the host and the effects of the larri- 
dde on specimens of certain ages. With the dark brown or black larva 
the finer structure of the stigmal plate is ,no longer discemibk, 'with, thfe 
naked eye, but the flat 'surface plate of-H. Hneaium and the cup-shaped 
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plate of H, hovis remain constant throughout the fifth larval instar and 
also are distinct in the ptiparia. 

differentiation of the fourth instar of h. bovis and h. 

LINEATUM 

Available literature on the two species of Hypoderma under consid¬ 
eration gives no description of distinct characters for the identification 
of the fourth (heretofore known as the third) larval stage. Tabulations 
of the spin_y armature of many fourth-stage larvje of H, lineatum (Table 
III) and of H, hovis (Table IV) revealed that there was no constant 
character of,the armature in either species. The ventral posterior 
border of segment lo, which is always covered with spines in the fifth 
larval stage of H, lineatum and always naked in H. hovis^ is nearly 
always naked ,in the fourth instar of both species. The armature on the 
dorsal surface and on the lateral divisions, as given in Tables III and 
IV, shows that it varies with different specimens of either species as 
gi"eatly here as it does in the fifth lamml stage. 


Tabi^S III. —Distribution of spiny armaUire on the segments of fourth-siage H, linsatnm 
larvos' based on 114 specimens studied 


Armature on seg¬ 
ments No'. 

, Ventral. 

Ventro-Iateral, 

Medio-lateral. 

Dorso-lateral. 

Dorsal. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

Ante¬ 

rior. 

Poste¬ 

rior. 

2 to 10.'. 

I 

3 

,0 

0 

0 

0 

0 

0 

0 

0 

2 to 0.. 

94 

no 

0 

0 

0 

0 

0 

0 

0 

0 

2 to S. 

^9 

3: 

0 

I 

0 

0 

0 

ai 

0 

0 

2 to 7. 

0 

0 


I 

0 

0 

0 

0 

0 

0 

2 to 6 . 

0 

0 

‘'37 

7 

0 

0 

0 

0 

0 

0 

2 to c;..... 

0 

0 

41 

52 

0 

0 

2 

0 

0 

0 

2 to 4.. 

0 

0 

2 S 

S 

39 

0 

ss 

I 

0 

0 

5 to 3 . 

0 

0 

5 

2 

72 

0 

54 

iS 

2 

0 


0 

0 

0 

3 

0 

I 

0 

r 

0 

0 

3 to 5 . 1 

0 i 

* 0 

0 

22 

i 0 

I 

0 

0 ! 

0 \ 

0 

4to s. i 

0 

1 0 i 

0 

5 

0 

I 1 

0 

0 j 

0 j 

0 

6 to 7 . 

I 0 j 

i 0 

0 

0 

0 

0 i 

0 

0 

0 

I 

2. .i 

^ i 

I 0 

0 

I 

3 

3 1 

1 3 

35 1 

i 69 i 

0 

3 .'.I 

0 i 

0 

i 


0 

5 j 

0 

0 i 

; 0' 

0 

4 .i 

0 1 

■ 0 

0 

4 i 

0 1 


j 0 

0 

; 0 

I 

S.: 

0 ! 

■ 0 

0 

0 1 

0 1 

0 ; 

1 0 

0 ! 

0 ^ 

0 

Spmeless.i 

0 I 

1 

0 ! 

1 

0 

F 

0 

ro2 ; 

i 0 

i 1 

ss i 

43 

1 X 2 

Total ... j 

1 

114 1 

: 1 

II4 

_i 

114 

114 

114 

____] 

1 tt4 

[ ' 1 

1 114 

i ; 

1 II4 ! 

i ' 

114 

1 

114 


Segmeiits .4 to 6 uaarraed. 

^ One specimen with segment five tinarmed. 
c Three specimens with, segment five unarmed. 


tin studying the characters of the stigmal plate of fourtli-stage larvse 
'ebllected^at' 'Dallas,'Tex., and elsewhere in' the southern States where 
only H. Umatum exists, and comparing ,them with specimens collected 
,, northeastern States where 'both specieS' are; found, it was soon 
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observed that there was a vast difference in these organs of part of the 
eastern specimens, and that the others out of the same lofe were identical 
with //. Imeaimn collected locally. Several thousand specimens of 
fourth- and fifth-stage larvse collected in all p^arts of the United States 
during the past four or five years were all carefully examined, and the 
fourth-stage larva that showed stigma! plates differing from H, iineahim 
were recorded. Wlien these records were then compared irith those of 
the fifth-stage larvse it was found that all fourth-stage specimens desig¬ 
nated as H, bovis were from localities where if. bovis is present and out 
of lots that usually contained fifth-stage H, bovis larvse. 


TABtn IV. Distribution of spiny armature on the segments offourfh-siage if. boz^is iarViH 
based on 2g specinmis studied 


Spines on segments 
No. 

Ventral. 

Ventro-lateral, | 

1 f 

Medio-lateraL 

Borso-iaterai. - 

( 

Dorsal. 

Ante¬ 

rior. 

I Boste- 1 
1 rior. 

Ante- i 
rior. 

Foste- ! 
rior. 1 

j 

Ante- i 
rior. ; 

‘ Foste- j 
, rior, ; 

Ante¬ 

rior. 

1 i 

Foste- 1 
rior. i 

i Ante- 
! rior. ' 

Poste- 
' rior. 

2 to 9. -- 

29 

39 

0 

1 0 

0 

i i 

1 0 1 

0 

0 1 

0 1 

0 

2 to 8 .. 

0 

0 

0 ’ 

0 

1 0 i 

i 0 1 

1 0 

: 0 

! 0 i 

0 

2 to 7. 

0 

0 

0 i 

0 ' 

0 ' 

! 0 j 

0 

' 0 

1 ® i 

0 

2 to 6 . 

0 

0 

16 j 

9 

0 

0 1 

; 0 

I ^ 

1 0 ; 

0 

2 to 5 . 

0 

' 0 

13 i 

19 

0 : 

0 1 

1 0 

■ 0 i 

0 1 

0 

2 to 4. .. 

0 

0 

0 i 

I 

12 ; 

fix i 

12 

! 0 ! 

0 

0 

2 to 3. 

0 

0 1 

0 i 

0 

17 j 

4 1 

17 

' 5 1 

8 j 

0 

2. 

0 

0 

0 i 

0 

0 i 

i IS 

0 

; 24 

18 : 

I 

3 . 

0 

0 

0 1 

0 

I ^ i 

j ^ 

0 

; 0 

! 0 

0 

Spineless. 

0 

0 ' 

0 ■ 

0 

1 ° ' 

1 8 

0 

: 3 

3 

28 

Total larvse. 

29 

29 

29 

29 

i ! 

29 j 29 

1 29 

i ^9' 

1 29 

f 

j 29 


tt Segment three unarmed. 


The characters of the stigma! plates in the fourth-stage lan^se can not 
be seen or the species distinguished vnih the naked eye as they can be in. 
the fifth stage, but with the aid of a low or medium power microscope 
they are distinct. If the specimen is 'placed 
under tlie microscope in a vertical position 
•with the posterior stigma! plates upward and 
so arranged that they can be viewed' - at right 
angles to the surface,, the structure is visible, 
if. Unminm (fig.' 7) presents a group com- 
posed of about 20 ling-like or disk-sbaped 

structures constituting the respiratory areas, rfor stigmai pktesof fourtk^tagEe 
These di'sks, as they may be designated, ap- Greatly eukrgca. 

pear in a group forming a circle or almost any other shape. The color 
of the disks, which of course is the color of the entire plate, is yellowish 
or yellowish brown. Most of the individual disks are loosely connected' 
by'their borders or are often S'eparated either singly or in small groups^ 
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but they are always individually clear and distinct in outline. The 
color of the stigmal plates remains almost constant during this iiistar^ 

Wtfiile the number of disks is usually close to 20 in each plate it runs 
as high as 28 or even higher in exceptional cases and as low as 14 in rare 
instances. The 5^ellowish color and the more distinct separation of the 
disks readily facilitate counting these structures. The surface of the 
plates is usualty flat in perfect specimens and measures from 0.201 to 
0.301 mm. at its greatest diameter. 

The characters of the stigmal plate of the fourth-stage larva of H. hovis 
(fig. S) differ from those of H. lineaium (fig. 7) in that the whole plate pre¬ 
sents a somewhat larger area which is black and usually contains about 
30 disks. The borders of the disks are wider and are all or nearly all 
heavily fused together so as to present a solid black mass. The number 
of disks in each plate is also variable, dropping as low as 26 or going as 

high as 38 in different specimens. 
The surface of the plate of a per¬ 
fect specimen is usually convex 
and projecting slightly above the 
surrounding tissue. The size of 
the plate varies from 0,201 to 0,368 
mm. at its greatest diameter. With 
uncleared plates the size of the 

Fig. Sr-Hypoderma bovis: Posterior stigsnal plates of disks appears tO be Smaller in FL 

louzth-suze krva. Greatly enlarged. HneaUim and they 

are more indistinct, but after clearing they measure practically the same. 
The color of the plate remains constant throughout this stage. 

Discoloration or dryness of specimens sometimes renders determina¬ 
tion rather difl&cult, but if the surface of the stigmal plate in such in¬ 
stances is kept covered with a film of water or alcohol the characters 
are usually brought out plainly. Occasionally specimens of H. lineatum 
of the fourth instar are found that show stigmal plates of an almost dark 
brown color which may at first appear rather confusing, but even in such 
instances the clear and unfused outline of the indmdual disks if com¬ 
pared mth the solidly fused mass of disks of H, bovis remains constant, 
and it is very easy to determine the species by this character alone. 




bifferbntiation of h. bovis and h. lineatum in the third 

instar 

The third-stage lar\m, or the first stage found in the back and hereto¬ 
fore known as the second stage, presents no distinguishing characters in 
either'the structure or the shape of the posterior spiracles or in the 
'minute armature Just'below the mouthparts and on the end of 
'.the'anal segment,-' The spiny armature is entirely lacking on' all themid- 
die segments,'"and .that which .appears around the posterior spiracles and 
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below the mouth is so variable in different specimens that it can not 
safely be relied upon for separating the species in this stage* If the 
specimen in question, however, is cleared and mounted and the cepha- 
lopharyngeal skeleton and mouth hooks, which can rarely be seen in un¬ 
cleared specimens, are examined under a medium high power of the 
microscope, the difference in the structure of the mouth hooks canreMily 
be seen and serves to distinguish the species. 

In H, bovis (fig. 9-12) the upper or foremost ends of the somewhat 
shortened semicircular or crescent-shaped mouth, hooks (fig. ii, B) are 
distinctly forked near the tip, and the lower or rear ends of the hooks 
(fig. II, C) are blunt. In the illustrations (fig. ii, 15, 22) the mouth 
hooks are flattened out al¬ 
most horizontally instead of 
being in a nearly vertical 
plane as they are in the nor¬ 
mal lanm, The articulation • t . 1 . t 

Fig. 9.—view of tliird-stage larva. X 4* 

of the mouth hooks with the 

cephalopharymgeal skeleton is in the case of H. bovis on the end of a 
slightly projecting knob of the skeleton turning almost at right angles 
to the axis, while in H. Imeaium it occurs on the anterior tip of the skel¬ 
eton. Between the mouth hooks is a sharp spine (fig. ii; 15; 22, A) di¬ 
rected forward and slightly longer than the foremost tips of the forked 
mouth hooks. This spine is evidently used to assist in piercing or bor¬ 
ing through the tissue while the lanm wanders toward the back of the 
host. After the lanm reaches the back and molts to the fourth stage the 
skeleton with the mouth hooks and spinels cast off. 

The structure of the mouth hooks of the third-stage larva of H. lima- 
turn (fig. 13-16) is more regularly crescent-shaped, is slightly more ex¬ 
tended from end to end (fig. 
15, B, D), but is otherwise 
similar in general outline to 
H . hmjis with the exception of 
beinff distinctly Bointed in- 

Flc.io.~mfi>o<fmHa5««:Veiitral\’iewoftHrd-stagelarva. X 4* . js r r i T 1*1 rr ± 

stead of forked like if. hmu 
at the anterior end (fig. 15, B) and having a strong pointed and back- 
ward-cundng tooth (fig. 15, C), projecting outward about one-third of 
the length of the entire hook from the anterior tip. The lower or 
rear end (fig. 15, D) of' the mouth hook of If. iineatum is also slightly 
pointed, not as much so'as the forward ,end but considarably more 
than the rear or backward end of that of if. bovis. Out of a con¬ 
siderable number of larv® of this stage extracted from the back Mter the 
hide of the host had been punctured only a few specimens were found 
that showred a few very" minute spines, bard}' visible under a high {MWq: 
of the microscope, along the anterior borders of the first few segments* 
If a'larva of'this stage'is placed under the micro'seope 
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position with the anterior end upward and so arranged that the anterior 
spiracles appear in the center of the field and the mouthparts near the 
edge^ one can see a single, small, but distinct, hom-like appendage at a 
distance about equal to that of the mouthparts and in a direction from 
the spiracles opposite from the mouthparts. There are no spines around 
the hase of this appendage, which is smaller and more indistinct in this 



Fig. 11.— HyJ^oderma bo'vi:i: Cepaaio- 
p1aar>Tigeal skeleton and mouth hooks 
of tliird-stage larva. . 4 , spine; S, 
anterior end, and C, posterior end, 
of mouth hooks. X 12s. 



Fig. 13 .—Bypoderma bovis: Posterior spira¬ 
cles and spiny armature on posterior half 
of caudal segment of third-stage lan^'a. 
Greatly enlarged. 


larval stage than in the two younger stages and is entirely absent or 
invisible in the two larger stages. 


DESCRIPTION OF THE SECOND INSTAR OF H. EINEATUM 

The second-stage larva has not been recognized heretofore as an iiistar 
distinct from that later found in the esophagus and in the back, hence it 
will be rather fully described. The smaller larvse found in the gullet are 
in this stage. Specimens ranging from slightly less than 3 mm. in 
length and upward have been collected from esophagi of slaughtered 
cattle at Fort Worth (Tex.) packing houses as early as April i. During 
May, 'U'920, a considerable number of larvse, all of this stage, measuring 
from 3 to 6'mm., were taken by E. E. W'ehr from esophagi of locally 
msed cattle slaughtered at a Dallas packing house. These examinations 
were continued by 'the writer at weekly intervals. All the larvse (nearly 
,400)' examined up to August 15, 1920, were found to be still in the second 
stage.' ,These ranged up to 9'mm. in .length. In the general collection 
made by'.the .writer many other specimens ranging up to as high as 14 mm. 
in length also prove to be of this stage. . All larvm in this second instar 
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were taken from the esophagi and were collected in various localities, 
mostly in the southern States. An effort was made to obtain this stage 
of both species, but so far the vTiter's collections of small larv$ in regions 
where LL bovis is found apparently were made too early, and only speci¬ 
mens of H. lineakim were obtained. Although a similar stage of i/. 
bovis has not been observed so far, it seems reasonably safe to assume that 
it is also present, since the general characters of the four knovm larval 
stages agree in all respects with those of the first, third, fourth, and fifth 
stages of if. lineatum. The comparisons of the of each stage for the 
two species under considera¬ 
tion have been based on the 
assumption that there are 
five stages of H, bovis ,, 

The distinguishing char¬ 
acter of this stage lies in the mte«! of tMrd-stage 

armature which is present 

on every segment of the entire larva (fig. 17-19). Inform, this stage 
is very similar to tlie third-stage larva at the •time it reaches the 
back, but of course it is much smaller and not so distinctly segmented. 
When the armature alone is considered one is led to believe at &st sight 
that it is the first-stage larva which hatches from the egg. After closer 
examination and comparison with the armature of the first stage, how¬ 
ever, it can easily be observed that this is an entirely different coat of 
armature. The spines not only differ by being smaller in size but also, 
on the terminal segment at least, differ vastly in structure. WTiile the amia- 
ture on the middle segments is not as plain as in the first, fourth, and fifth 
stages, it is nevertheless easily seen mth a low power of the microscope 

and appears in transverse 
TOWN'S very regularly placed 
on at least the anterior part 
of each segment. On^' the 
second to fourth segments, 
inclusive, the spines in the 
anterior row are rather densely placed and are the largest in size. Fol¬ 
lowing the first row are several more irregularly placed rows, in which 
tlie spines decrease in size and abundance toward the ^ posterior border 
of the segment. On the fifth, sixth, and: seventh segments the anterior 
row is also quite regular, but the spines are smaller and farther apart than 
in the same rows of the preceding, segments. The spines beliind the an¬ 
terior row on these middle segments also decrease in number and size 
in the same proportion as on the anterior segments. .On the eighth and 
ninth segments there is a further decrease in size and number of 
spines, and the posterior half of the segments is almost, naked,'except' 
laterally, where small spines extend farther back. The anterior, part 
of the tenth' segment'is covered ventrally ■ with, a band of spincS' 



riG. i^.—Hypoder'ma imealu 7 n: Ventral view of third-stage 
larva. X 4- 
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consisting of at least five rows, in all of wMcIi the spines are slightly 
larger and more unifonn in size tlirouglioiit tbrni on the preceding 
segments. Laterally tliis band of spines narrows down to the first two 
or three rows which extend on arotind over the dorsal side. The eleventh 
or caudal segment is armed with spines of three distinct types. Along 
the anterior border are a few small spines similar in structure to those 
along the anterior border of all the preceding segments. Closely following 
these, except for a narrovr space ventrally, are numerous stout spines 
consisting of a large, circular, blackish, slightly elevated base, in the 
interior of ivhich arises a short, stout spine less in length than the diameter 




Fig. i 6 ,—Hyp€derma Uneaimi: Posterior spira¬ 
cles and spiny armature on posterior half of 
caudal segment of third-stage larva. Greatly 
enlarged. 



Fig. is.^Hypoderma Uneaium: Cephalo* Fig. 17. — Hypoderma linealum: Ventral view of second- 
pharyngeal skeleton and mouth hooks stage larva. X 13- 

of third-stage larva. .4 spine; B, ante¬ 
rior end, and posterior end, of mouth 
hooks; C, tooth. Greatly enlarged. 

of the base. Surrounded by these spines are the posterior spiracles, which 
are represented by circular spots or disks with t\TO or three very flattened 
'' and triangular-shaped spines on the border of each. These flattened 
spines are hardly visible in the third-stage larva even under high magni¬ 
fication and disappear entirety with the fourth and fifth stages,. ,The 
fnsed' 'anterior terminal segments bearing the anterior spiracles, centrally 
icicated from 'an anterior view, and with the mouth hooks ventrally and 
'the'small hom-like appendage dorsally located, are thickly covered with " 
a band of spines below the mouthparts, extending on around and beyond 
the'spiracles iateraHyin decreasing' number toward' the dorsum, where 




July I, 1921 


453 


Larval Stages of H. bovis and H, Umatum 


this band broadens out again and envelops the hom-like appendage. 
The base of this appendage is surrounded by a dense group of small 
spines. The posterior border of these segments is covered with small 
spines, decreasing in number 
and size toward tlie border. 

Aside from the greater size 
of the third-stage larvae after 
reaching the back, the sec¬ 
ond Sta<^e mav be easilv dis- Lateral view of secoad-sta^rc 

tmguished by the distribu¬ 
tion of armature. In the third stage the spines on the cephalic segment are 
fewer and are clustered beneath the mouthparts and not scattered as in 
the second instar. In the third stage the armature is absent from all the 

following segments except the 
caudal. The few spines that 
are left below the mouthparts 
of the third stage and the flat¬ 
tened spines on the border of 
the posterior spiracles are ac¬ 
tually smaller 
and more in¬ 
distinct than 
they are in 
the second 
stage, while 
the numerous 

Fig. ig.—HypodcTftia lineaiuin: Posterior spiracles and spiny gpij^eS with 
armature on caudal segment of second-stagelarva. X 100. ^ 

e nlar g e d 

bases surrounding the posterior spiracles of the ’third 
stage are considerably larger than those in the second 
stage- 

Riley (9), in his description of the second-stage lar\^a, 
states that the Ibxy^ in the esophagus measure from i x 
to 14 mm. and are spineless except for a cluster above the 
mouthparts and the posterior half of the caudal segment. 

This description agrees in practically all respects with um^um: veatrai 
the third-stage larva of both species and is undoubtedly ^^^4^ Momh1ic«k” 
that of a third-stage larv^a taken from the esophagus, b, anterior spimcfes; 
It is certain tliat Riley would not have overlooked the 
spinv armature of tlie larvae of the earlier stage if any sp'^esonborderoipos- 

- r ^ ^ ^ ^ ^ i •, tenor spjradcs; 

of them had been studied. This may be further sub- posterior spiracles, 
stantiated by the fact that the writer has obtained as 
many as 20 specimens, ranging from 11.7 to 14.6 nain.^ in length, in., one 
lot taken from the esophagus, that were all in the third stage. , 
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Kock (7), a veterinarian of Denmark, briefly mentions tlie fact tliat 
lie obser\^ed spines on the yqxj small lan^se which he found in the esoph¬ 
agus and states that this is the first-stage larva. He further claims that 

_ the first-stage lamm molts for the 

first time after it has reached the 
back and has punctured the hide. 
His reasons for this statement are 
that— 







Fig. 21 .—Hypoderma Ihieaium: Lateral vie-w of first- 
stage larva. Caudal segment halfway telescoped. 
Approximately X 116. 


the larva is in the early part of 
this stage (first stage) it is clear as glass 
and transparent, but later it becomes 
yellowish white, and wliile the armature of spines is easily observable in the young 
larva they are less noticeable in the older larva, partly because these are more opaque 
and partly because the dark color of the spines gradually is lost; and finally it may be 
stated as a third reason that the spines are not only comparatively but actually smaller 
in the older lar\^a. It seems as if they become somewhat worn dtiring the migration 
through the body of the cattle, but it is certain that they re¬ 
main present and in the same arrangement on the body of the 
larva throughout this entire period. 

Attention has already been called to the spiny ar¬ 
mature of the second stage or small larva found in 
the esophagus as the principal difference between 
this stage and the larger or third-stage lartm found in 
the esophagus and in the back. This alone should 
be sufficient to convince even the most severe critic 
that these are of two distinct stages. How¬ 

ever, it may be stated further that if the spiny arma¬ 
ture became “worn/' as Koch stated, it would nev¬ 
ertheless leave at least a scar or mark in the skin 
where these' spines had been located; but there are 
none to be found, not even under ver}'' high magni¬ 
fication, and it seems impossible that the spines could 
have been cast off without also casting off the skin. 

It is true that there is quite a difference in the 
amount and the aiTangement of the spin}^ armature 22.—Hypoderma uma- 



found on different specimens of the smaller larv^ 
taken from the esophagus, but this diff'erence is not 
more marked or unusual than that which is encoun¬ 
tered in different specimens of either the fourth or 
'fifth stages, and as a whole the change in character 
,' and arrangement of the armature from the fourth to the fifth stage is not as 
marked as the change found betvreen the second-stage larva in the esoph¬ 
agus'and the almost spineless third-stage larva taken from the esopha¬ 
gus or from the back.'' , 


skeleton with spine and 
month hooks of first-stage 
larva.' U,spine; B, ante¬ 
rior, and n, posterior, end 
of mouth hooks; C, tooth. 
Greatly enlarged. 
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DISTINGUISHING CHAIL4.CTBRS IN FIRST-INSTAR DARVJS OF H. EOVIS 

AND H. DINBATL^I 

Riley (9) described the first-stage lar\^a of E. lineatum (fig. 20-23) 
wbicli he obtained from the egg just before hatching and which does not 
differ in any way from the Iwrvsi normally hatched from the egg. Careful 
examinations of some of the hundreds of lar\^^ of this species hatched 
from eggs in an electric incubator at the Dallas laborator}^ agree well 
with Riley’s description; Riley, however, does not mention the anterior 
horn-like appendage, which is large and ver\’' distinct in this stage. 
The armature on all the segments except the posterior part of the first 
stage is Yerj dense and considerably larger than on the second stage. 
On the caudal segment of the first stage the spines with an enlarged cir¬ 
cular base are not present, although this segment is well covered with 
spines similar to but larger than those on the preceding body segments. 
The flattened spines (fig. 20; 

23, Fs) on the border of the 
posterior spiracles are more 
than twice as large as the sur¬ 
rounding spines. The dense 
large spines on the body seg¬ 
ments and large flattened 
spines on the margins of the 
posterior spiracles of the first- 
stage larva are in striking con¬ 
trast wdth the smaller and 

. - . Fig. 2$. — iinccfuin: Puiieririr spiracles and 'Kpiny 

mUCll thltiner armature on armatiire on candn s-eginem of first-stage larva. Psp.tpm- 
tlie bodv Se<^mentS and small spiracles; Fs., Saitened spines on border oi spiracles. 

flattened spines on the border 

of the posterior spiracles surrounded larger spines with the heavy 
blackish base in the second stage. 

The first-stage larva of H, btyins (fig. 24) was first described by Car¬ 
penter, Hewitt, and Reddin (2). The spiny armature on the cephalic 
and all the body segments is very similar to that of H, lineatum, but the 
arrangement of the spines on the caudal segment differs somewhat, and 
the spines are considerably larger in H. bovis. The flattened spines, 
usually three in number, on the border of the anal spiracles of H. bovis 
appear smaller in comparison with the large surrounding spines and are 
actually smaller than in Hneatunu The peculiar type of spines with 
large circular bases as found in the second and diltd stages of H. Imeaium 
and,third stage of H, bovis is here absent as it is in H. Hneatum of the 
same stage. While the armature of the first-stage larva of the two spe¬ 
cies in question may differ somewhat, it is hardly reliable for the differ¬ 
entiating of the two species. The characters of the mouth hooks, however^' 
which are here plainly visible in the^ uncleared specimens witli the aid of a 
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medium p(y\ver of tlie microscope, are Yerj reliable and serve to differ¬ 
entiate the species readily. 'The forked anterior end and the bliint rear 
end of the mouth hook of H, hovis are so distinctly different from the 
sharply pointed anterior end with a well-formed tooth some distance 
below and the slightly pointed rear end of the hook of H. Hneakim that 
the two species can be separated almost at sight in the first instar* 

The moutli hooks of the first, second, and third stages do not change in 
structure with specimens of the same species except that they become 
slightly lieavier, somewhat shorter, and stouter in the second and third 



FiO. 54*— Hy^oJi-riiia First-sta^e Ia.n~a.. I, Uateral view; H, ventral view; III, ceplialoptaryagea! 

skeleton with spine and month, koaks; IV, caudal segment. P?., Skdeionof pharynx; H, mouth hooks; 
M, spine; Tr. ah tubes; P sp., posterior spirades. (Caipenter and Hewitt-) 

stage, but the two almost parallel rods or arms of the cepkalophaiymgea! 
skeleton of the first-stage lart^a spread considerably posteriorly and be¬ 
come heavier in the second and especially in the third stage.. 
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PATHOGENICITY OP CORTICIUM VAGUM ON THE 
POTATO AS AFFECTED BY SOIE TEMPERATURE' 


By B, ly. RicHiARDS 

Department of Plant Pathology^ Utah Agriculturul Experiment Station 

INTRODUCTION 

In a paper now in press {12) - the author treated in detail the question of 
the pathogenicity of Corticium vagum B. and C. (Rhizoctonm soiam Kiiiui) 
and its effects upon the potato plant. Experimental data were presented 
which showed definitely that under certain conditions the fungus in 
question becomes an aggressive parasite upon this host. Attention was 
called, however, to a number of puzzling variations exhibited by this 
pathogen in its power to attack and produce characteristic lesions on 
the potato stem. It is frequently noted in the field, for example, that 
whereas in certain cases theRhizoctonia ” or the sterile stage of C. mgum 
apparently acts as a definite cankering parasite on potato stems, in other 
cases where the fungus is present in abundance little or no damage 
results. The mycelium, in fact, may grow and closely envelop the basal 
portions of the potato stem as a superificial web with no indication of a 
lesion or canker. The problem is further complicated by the fact that 
in certain districts canker-free stems and particularly clean tubers, 
showing no sings of “scurf,’' are har\^ested uniformly from sclerotia- 
covered seed. Such facts, together with the serious lack of experi¬ 
mental evidence supporting the pathogenicity of the fungus on the potato 
have led many critical observers to question whether “Rhizoctonia^* 
is of primary or of only secondary importance in the production of the 
stem cankers so generally attributed to it. 

Recent observations in Utah and in Wisconsin have led the workers 
of these two States to a firm belief that the parasitism of Corticium vagum, 
is dependent to a large extent upon soil and climatic conditions. The' 
relative importance, how-ever, of. the various factors responsible for the 
puzzling variation in the pathogenic action of the fungus in question is 
by no means clear. It has become evident, as previously pointed out 
(12), that further progress on the “Rhizoctonia problem” is dependent 
upon a better understanding of the biology of the fungus and of the various 
factors that infitieiice or control its parasitic activity. 

^ The results here reported are based upon greenhouse investigations made during 1917, 1918, and i9r9> 
at the Department of Plant Pathology of the University of Wisconsin. During the seasons of 19 iS and 1919, 
soil temperature studies were made with the potato tmder natural field conditions. These studies, together 
with greenhouse experiments on the pea and bean,, paxallding those on the potato, will fitrnisli the basis 
for later repoils. The writer wishes to express his indebtedness to Prof. D. R. Jones for helpful suggestions 
and criticisms during the isrogress of the work. 

® Reference is made by number (italic) to " Diterature cited,” p, 481-4S2. 
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A recognition of tliis fact, together with the opportunity offered at the 
Department of Plant Pathology of the University of Wisconsin, led the 
writer to conduct a series of studies upon soil temperature in its various 
relations as affecting the pathogenicity uagiim upon the 
potato and other hosts. The purpose of is to report part of 

the results of these investigations. 

One of the most important features of the 
phytopathology, as pointed out by Jones (d), has been tfe„^directing of 
the attention of workers in this field to the vital relation of 
ture of the soil to a large number of our most serious soil diseases!%^^ 
present knowledge on this subject is at best limited and fragmentary, a^r 
the degree to which soil temperature becomes a rigid controlling factor 
in determining pathogenicity is knovtm for but a small number of 
soil pathogens. These data do not permit of extensive generalization. 
It is evident that Corticmm mgimij with its wide range of hosts, offers an 
especially favorable object for the study of parasitism in relation to the 
temperature of the soil. 


REVIEW OF LITERATURE 

Obsenmtions on soil temperature in relation to the pathogenicity 
of Coriicium vagum on its various hosts are few and conflicting. Rolfs 
(jj, 14) concludes that— 

a high temperature and plenty of moisture are necessar}- for the rapid development 
of the fungus— 

and correlates the high death rate of potato plants in Colorado with 
excessive irrigation during periods of hot weather. 

Peltier (ii, p, 28283), in his greenhouse experiments with the car¬ 
nation and other hosts, obtained a higher degree of infection with the 
fungus during the months of June and July and September and October 
than during the cooler montlis of spring and winter. He supplies other 
minor data to support this relationship and finally concludes his oliser- 
vations as follows: 


A high temperature, 88® F., together with either too little or too miicli moisfcire, 
determines to a large degree tlie virulence of the strains. 

It is evident that this writer has reference here to air temperature^ and, 
therefore, adds but little to our knowledge of the exact soil temper^ures 
conducive to, the pa'thogenicity of the various strains of the ftingii^. In 
his later statement we are again left in doubt as to whether he h4s in 
„rhind only one or the many hosts with which he worked. \ 

Morse and Shapovolov (8) noted that in a certain potato field held 
their,observation 50'per cent of the' plants showed lesions in the middWr 
' of July,'while' oil' August 4,91 per cent showed evidence of attack, by the 
fungus. No temperature data were presented; and it is not 'clear* thatm 
; temperature 'Was, an important factor in 'this relationship, since length off 



July 1,1921 


Pathogenicity of Corticium uagtim on the Potato 


461 


exposure, soil moisture, and tlie growth of the new tissues, together with 
other possible factors, might easily have accounted for this observed dif- 
fereiice„ 

Balls (j), on the other hand, presents data from critical field observa- 
lions which indicate definitely that cool temperatures favor the patho¬ 
genic action of the fungus Rhizoctonia solajii on cotton. The data pre¬ 
sented also suggest that the cool weather increases the severity of attack 
both by retarding the growth of the young cotton seedlings and by 
favoring definitely the action of the fungus upon the plant tissues. At 
the higher soil temperatures it appears the plant may escape unharmed 
even in a heavily infested field. This -writer states his conclusions as 
follows: 

There is no dotibt, in view of this year’s experience, that given a supply of healthy 
mycelium in the soil of average texture, the amount of damage done to the cotton 
crops depends upon the temperature of the soil. 

By pure culture work Balls (2) was further able to show that “ Eiizoc- 
tonia” could attack the cotton plant vigorously at 22° C., but he ob¬ 
tained no infection at 33"^ C. 

GENERAL CONSIDERATION OF THE FACTORS INVOLVED 

Progress in the analysis of so complex and fluctuating a condition as is 
found in parasitism can be made best by the common procedure of vary¬ 
ing one factor in the environment while holding all others under control. 
Because of the complex nature and the interrelation of the factors in¬ 
volved, an absolute control of the possible variable is rendered difficult if 
not impossible. Proper evaluation must be given those variations out¬ 
side the limits of control. The problem, however, becomes further com¬ 
plicated in that the variables concerned must be controlled as nearly as^ 
possible, at a range approximately optimum for the parasitic relation 
under consideration. Wffiolly safe conclusions as to the importance of 
any one factor are possible, therefore, only when the value of several of 
the most important relations contributing to a parasitic state have 
become known. 

Such factors as are concerned in influencing the parasitic action of 
Corticium vagiim on the potato might be considered as both hereditary 
and environmental in nature. Of -tie former group, strain differences of 
the fungus and host susceptibility are of first importance. The control¬ 
ling features in the environment, however, are more numerous and may be 
listed for convenience as follows: (i) the oxygen supply of the soil, 
(2) the soil temperature, (3) the soil moisture, (4) the acid or alkaline 
reaction of the soil, (5) the organic matter in the soil, (6) the soil texture, 
and (7) the soil flora and fauna, including the degree of soil infestation of 
the strains of the parasite under investigation. At present, the true rela¬ 
tion and importance of any one of these various factors to 'the parasitic 
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state existing between C. vaguni and its numerous hosts is not known. In 
the present soil temperature studies the use of the same soil and a single 
strain of host plant made the problem of controlling the various iiiflu” 
encing factors relatively simple. The methods employed are discussed 
below. In general, an attempt has been made to depart as little as pos¬ 
sible from the natural conditions of potato culture. 

GENERAL METHODS AND MATERIAL 
apparatus 

The experiments were conducted in especially constructed water jackets 
now in use for soil temperature studies in the greenhouses of the Depart¬ 
ment of Plant Patholog}^ of the University of Wisconsin. The essential 
features of these were described and illustrated by Jones (6) in 1917. 
Johnson and Hartman (5) in 1918 gave further details as to their structure 
and convenience for temperature control. It should be mentioned here 
that each unit or tank as used in the experiments consists of an insulated 
water chamber 3X long, 2 feet wide, and feet deep. Eight cans 

7 inches in diameter and 12 inches deep were so arranged in each water 
jacket as to form two parallel rows of four cans each. The cans were sup¬ 
ported in the water to a depth which just permitted of safety from over¬ 
flow. The inch to i inch of the cans thus remaining above the water 
projected into the hole in tlie cover in such a way as to provide for ample 
lateral support. Cold water and steam pipes with outlets were arranged 
in connection with the tanks so as to permit of the convenient use of 
either steam or water. Electric heating units were also placed at the 
bottom of the water jackets that were kept at the higher temperatures. 
Each water jacket thus equipped became an independent unit, with a pos¬ 
sible eight pots of soil all held at the same temperature for the growth of 
plants. The range of temperatures within the temperature limits of 
plant growtli, therefore, was limited only by the number of units ein- 
employed. 

TEMPERATURE CONTROL 

The large number of tanks rendered the use of automatic temperature 
regulation impracticable. It was found, however, that by personal 
adjustments three times during the 24 hours at intervals of approximately 

8 hours each, the temperature could be controlled within a range of 
variation siilSciently nan'ow to be adequate for obtaining the required 
,data. ' At each visit the various water temperatures were recorded and 
proper, adjustment was made. At those temperatures which approached 
the temperature of, the greenhouse, the water was adjusted to the exact 
degree desired for ttie soil. At the lower and higher extremes, however, 
it wasTound necessary to raise or lower tlie temperature of tlie water 
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SiifFicietitly to eoimterbalaiice the amount of variation above or below 
that which was desired. ^ 

At tlie highest temperature the water v/as maintained at an extreme 
range of variation of 3"^, or from 28.5° to 31.5"^ C. At 27° this range of 
variation was less than 1.5°, while at 24° and at those temperatures 
approaching that of the greenhouse the total temperature variation 
rarely exceeded With a mat of wet sphagnum on the cover of the 
tanks and with high collars around each can, the variations at the lower 
temperatures of 9° and 12° were held within a range of less than 2°. 
Under the S5rstem of regulation, the extremes of the variations were of 
relatively short duration. 

Owing to the direct exposure to the surrounding atmosphere the surface 
of the soil in the cans held at the extreme high and low temperatures 
varied somewhat below and above that of the water in tlie respective 
tanks. These differences could not be detected at a soil depth belmv 2 
inches. Since the potato sets were planted at a depth of 5 indies and 
since no variation in the vertical distribution of stem lesions could be 
detected, the average mean temperature of the water in each tank was 
taken as the temperature of the soil ^ at which the plants were gro'ivn. 
The air temperatures in thee greenhouse at which the plants were grown 
were maintained in general between 17° and 22^ C. 

SOm MOISTURE 

Determinations made at the beginning of each experiment showed the 
moisture content to vary in all experiments between 20.4 per cent and 
24.8 per cent of the dry weight of the soils used. This range of soil mois¬ 
ture had been previously determined to permit of uniform infection of 
potato stems, and no fiurther precaution was taken to regulate more 
definitely the relation of the moisture content in the soils in the various 
experiments. The maintenance of a constant water relation throughout 
any one series, however, became a much more complicated process. 
The large number of cans used in the experiment and the relatively 
short period of growth of the plants rendered the use of the Livingston, 
auto-irrigators (7) impracticable. The direct weight method was finally 
adopted. In this metliod precautions were taken at the beginning of 
each experiment to obtain a uniform water content of the soil used in 
any experiment. In the process of planting, all cans were then filled to 
exactly the same weight, and during the progress of the experiment the 

1 At the higlief temperatures, the variation in the temperature of the water in ail cases fell below those 
desired. The reverse was true for those below the temperature of the greenhouse. The adjustments 
found necessary were as follows: 

Desired temperature— -30°, 27°, 24®, ai®. I8^ 15®* 12®, 9® C. , 

Adjusted temperature— 31.5®, 28®, 24,5®, 21®, 18®, 13°, ii.s®, S® C. 

^ The figures recorded in all tables must be considered as the exact calculated average of the soil tempera¬ 
tures at which the crops were grown and should not be assumed to indicate a degree of accuracy in tem¬ 
perature control as might be hnplicd by the retention of the fractions given in the tables. 
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water relation was kept constant by frequent weighing and addition of 
water to restore that lost by evaporation from the soil or through tran¬ 
spiration by the plants. The weighings were usually made every two 
or three days; at the higher temperatures water was added more fre¬ 
quently as required. 

SOURCE OE FUNGUS 

A single strain ^ (201) of sterile stage of Corticium mgum was used in 
all the experiments in which artificial methods of soil inoculation were 
employed. The fungus was increased on bean pods and was introduced 
into the soil usually after about six weeks’ growth on this medium. In 
three experiments the soil was inoculated by sclerotia upon the surface 
of the tubers used for seed. 

SOIL INOCULATION METHODS 

The methods of soil inoculation followed were essentially those de¬ 
scribed for the work on the pathogenicity of the fungus. ' They need 
not be discussed here. In general, where artificial metliods were em¬ 
ployed the inoculum was placed below the potato sets so as to make 
sure that none of the material introduced would come in contact with 
the growing stems. The sets in all cases were planted at a depth of 5 
inches. After planting, the cans were allowed to remain under uniform 
condition for a period of six days, at the end of which time the tempera¬ 
tures were adjusted in the various tanks. 

In removing the plants at the conclusion of each experiment the soil 
in each can was first saturated with water for a period of 24 hours. The 
roots and stems were then washed free from dirt by a gentle stream of 
water from^ the hose, 

QUANTITATIVE INDEX 

Previous field and greenhouse experiments had shown clearly that 
owing to the peculiar nature of the attack of Corticium mgiim (12) the 
percentage of the potato stems showing lesions gave no accurate idea of 
the damage resulting to the plants. The degree of the intensity of 
injury to the stems was used, therefore, as an index for determining the 
different temperature values (PL 89-93). attempt to express this 

relationship the diseased stems occurring at each of the various tempera¬ 
tures'were divided into three categories: Slightly injured, severely in- 
3,ured, and cut off. All stems showing lesions ranging from the first 
indications of disease to those sufficiently serious to interfere with the 
physiological processes of the plant were lis'ted as slightly injured. Stems 

' TMs, strain ,is tine same'employed ia the previous experitpents on pathogenicity, for the record of which 
the is r^etred to the earlier paper''(/£'). The'term ‘'strain" is used here with' no special morphology 

ph^iological ''significance!, Ifc,'indicates, rather* the results ot a''single isolation from a definite 

' ' ' '' 'V' '’''' ,,, y > 
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showing lesions w^^hich either from depth of penetration or from extent 
of surface destroyed appeared definitely to interfere with the activity of 
the plant were classed as severely injured. In the third group were 
placed all stems showing definite grovring-point destruction and also 
those which had actually been cut off by the operation of the fungus 
subsequent to the appearance of the stem through the soil. In order to 
obtain a quantitative expression of the intensity of injury at each tem¬ 
perature, the percentage of plants occurring in each class w^as determined 
and units 1,2, and 3 were allowed for each percentage in the three classes 
slightly injured, severely injured, and cut off. 

EXPERIMENTAL STUDIES 

In all the experimental work with the potato, the application of the 
results to the interpretation of the operation of the fungus under natural 
field conditions was kept constantly in mind. In order to eliminate all 
possible interfering organisms and to establish a firm basis for judgment, 
experiments were first conducted with pure cultures of the fungus in 
sterile soil. The results obtained under these' extremely artificial con¬ 
ditions were finally supplemented by those obtained with the tempera¬ 
ture equally well controlled, but with other relationships of the host and 
the fungus approaching as nearly as possible those found under natural 
conditions. As a final control the temperature w^ork w'as carried into 
the field, where plantings and inoculations were made at definite inter¬ 
vals and the temperatures recorded throughout the growing season. 
In addition, valuable temperature data were obtained dming 1918 and 
1919 from the disease-control experiments conducted on a rather exten¬ 
sive scale in important potato-growing districts of northern Wisconsin. 
These latter field studies as stated will furnish the basis for a later report* 

Experiment i. —In the first experiment four tanks with eight cans 
each were used. The water in the individual tanks wms held at approx¬ 
imately 16^, 19°, 23°, and 29^ C. 

The soil used was sterilized with steam for 7 hours at two different 
periods 24 hours apart and at a temperature of approximately 97^ C. 
Two half tubers of the Irish Cobbler variety, treated previous to cutting, 
were then planted with the inoculum in each of six of the eight cans in 
each tank. Two cans in each tank were left for the growth of control 
plants in uninoculated soil. 

Thirty-eight days after planting the plants ivere removed and examined. 
The total intensity of stem injury together with the percentage of stems 
injured is showm in Table I and graphically in figure i. 

The most serious types of lesions occurred unmistakably at the two 
lower temperatures. Growing-point injury was found only at the lowest 
temperature of 16^ C. The injury on the stems at both 24® and 29*^ was 
very slight. 
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•TablB 1.-—Effect of groicmg frisk Cobbler potatoes at^ different temperaiurcs in soil 
inociilaied leith a pure culture of Corikhim vagum 



m /s m PS aj? 
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Nig. i.-—Relation of soil temperattire to tiie severity and to the distribution of the injury on potato stem 
caused by Cortkium vaijum (experiment i). 


All control plants remained entirely free from lesions except those in 
one can in each of the two tanks held at the two lower temperatures. 
'These plants show^ed definite brown cankers accompanied by 'the char¬ 
acteristic mycelium of Corticmm vagum. The lesions, however, v/ere 
relatively' slight and' indicated a possible late infection. The accideii'tal 
inocnlation of ;the soil in these control pots may have resulted in one of 
three ways: '(i) 'From imperfect surface sterilization of tubers used for 
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seed, (2) from the growth of the fungus from the inoculated to the control 
pots through the moist sphagnum used for insulation,-or (3) from the 
basidiospores from the corticium stage of the fungus which occurred 
abundantly during a warm period in all the aerial parts of all the inocu¬ 
lated plants. The last explanation appears the most probable. 

Expbrim:^nT 2.^—The results obtained in experiment i indicated that 
the fungus' is capable of causing diseases at a temperature much lower 
than 16^^ C. It was decided for subsequent experiments to include the 
possible temperature range at which the potato plant might be grown 
profitably. This plan resulted in increasing the number of tanks in the 
series to eight. These were maintained approximately at the following 
temperatures: 9^, 12'', 1 ^^, 21 ^, 24^, 27°, and 30^. The 8 tanks con¬ 
taining 8 cans each were placed side by side, making four series of 16 cans, 
64 in all. Throughout this and subsequent experiments one series of 2 
cans in each tank was used for growing control plants. The other three 
series were used for growing plants in inoculated soil. 

In this experiment two series were run with sterile soil. In a third 
series unsterilized soil was used. The sterilized and unsterilized soils 
were represented separately in the two control cans in each tank. 
Treated southern-grown Irish Cobbler potatoes were used for seed* 
These had begun to sprout and were in good condition for growth. The 
results are presented graphically in figure 2. 


Table II .—Effect of growing Irish Cobbler potatoes {southern seed) in soil inoculated with 
Corticium vagum and held at mrious temperatures 

EXPERIMENT 2 


Temperature 
('* C). 

Number 
of sets 
planted. 

Number 
of stems 
grown 
in unin- 
oculated 
soil. 

Stems grown in inoculated soil. 

Total 

number. 

Number 

slightly 

injured. 

Number 

severely 

injured. 

Number 

cutofi. 

Number 

unin¬ 

jured. 

Per¬ 

centage 

injured. 

Inten¬ 
sity of 
injury 
(pointe). 


I 

c 

17 


5 


12 

29.7 

59-4 



0 




11.0,.. . . 

I ^ 

4 


2 



II 

15.0 

15*3 








3:5. 1 

I 

s 

12 

2 

I 


9 

24.9 

33-2 

174. 1 

1 

5 

14 

3 ^ 

§ i 

4 

4 

71. 2 

i 133-8 

2T . . . . ....... 

I 

6 ' 

10 

I 

6 1 



70. 0 

130, 0 


I 

8 

14 


3 


IX 

• 21.4 

21. 4 

26.8.' 

I 

K 

12 

2 

' X 


9 

.4.9 

33 * s 

10.g, . .1 

X 

6 

10 

1 



' 10 


i ! 





, i 





At the conclusion of the experiments the plants grown at the tempera¬ 
tures from 15^^ to 30*^ C. ranged from 2 to 5 inches high. Those grown 
in the 12^ tank were about i inch above the soil line, while but few in the 


In an experiineiit Ttm immediately after experiment i and under conditions as outlined in experiment a 
tlie inoculum, consisting of tlie fungus on sand-cornmeal mtish, was mixed th,rougliout the first s inches of 
soil. The results were so irregular and the root system of the inoculated plants was so unbalanced that 
the data were discarded. The experiment is not given a number in the series of tests., The control plants 
of this experiment were used for the measurements given in Table X and were photographed (Tl. 

48495^—21-4 
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tank held at 9° had succeeded in getting above the surface. The plants 
were thus removed at a period too early to obtain reliable data as to the 
effects of the fungus on the shoots above the ground. The results of the 
observation made 30 days after planting are shown in Table II. 

The results were surprising, in that stem lesions occun-ed throughout 
the entire range of temperatures from 9° to 27*^ C. No lesions were 
found on the stems growm at a soil temperature of 30°. The greatest 



Fig. a.—Relation of soil temperature to the severity and to the distribution of the injury on the potato 
stems caused by Corticiuni 'vagitm (experiment 2), 


degree of injury occurred unmistakably at i8°. The plants in the soil 
held at 21® were also severely damaged. 

Decidedly greater damage occurred in the unsterilized as compared 
with the sterilized soil. All plants in the control cans remained free from 
lesions. 

, ExpjeRiMEjNT 3.—^The results thus obtained with pure cultures in 
sterile aoil show definitely the power .of the fungus to produce lesions on 
potato stems through a range of soil temperature from 9° to 27^ C. The 
conditions, however, under which the data were obtained were obviously 
'mtificial and can, provide but a■ very general idea as to what might be 
, obtained in;nature. 'With the view of obtaining a more accurate index 
'practical problem,'natural means'of soil infection, were used in this 
;;;exp€riihent'' .7 
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Uristerilized soil was again used in one series of 16 cans, 2 cans at eacli 
temperature. A second series was provided with steam-sterilized soil. 
As ill experiment 2 both types of soil were represented in the controls. 

As the Irish Cobbler potatoes used for seed were free from sclerotia^ 
two small Early Ohio tubers well covered irith sclerotia and ivithout 
treatment were placed in the bottom of each can and covered with approx¬ 
imately I inch of soil. Three halves of Irish Cobbler tubers, previously 
treated, were then placed on this surface and covered to the regular depth 
of 5 inches. All the controls were arranged in exactly the sam.e way 
except that the potatoes used were treated before planting. Observa¬ 
tions made 42 days after planting are recorded in Table HI. 

. The plants, on the whole, exhibited a more severe type of injury in the 
sclerotia-iiioculated soil than was obtained with the pure culture of the 
fungus ill experiments i and 2. The range of temperature through which 
lesions occurred was approximately the same as that found in experi¬ 
ment 2. The greatest degree of severity was found at 15*^ and 18^ C. 

Tabi^e) III .—Effect of growing Irish Cobbler potatoes in soil inoculated with sclerotia of 
Corticium vagum and held at various temperatures 


EXPERIMENT 3 


Temperature 
a C.). 

i 

1 Nmuber 
of sets 
j planted, 

i i 

Number 
of stems 
grown 
in un¬ 
inocu¬ 
lated 
soil, j 

I 

Stems grown in inoculated soil. 

Total 

number. 

Number 

slightly 

injured. 

Number 

severely 

injured. 

Number 
cut oil. 

Number j 
unin¬ 
jured. 

! Per- : 
centage ; 
injttred. 

Inten¬ 
sity of 
injury 
(pointe). 

9 . 

1 

I 3 

^ 1 

34 


6 i 

i s 

; ! 

23 

32.3 

79-3 

11.6. 

3 1 

s 

41 


8 i 

5 

28 

31-7 

7 S -6 

14*7. 

3 

^ i 

49 

I 

II 

14 

25 

S 3-0 

132.6 

18...i 

3 

^3 1 


4 

14 : 

IS 

21 

61.0 

142, 2 

21.. .1 

3 

14 1 

3S 

7 

7 

3 

21 

44.6 

78. 2 

23*7 .; 

3 

8 ’ 

34 

II 

7 

2 

14 

50.0 

82. 2 



8 

3B 


4 


34 : 

I 10. s 

21. 0 


0 






on 


0 

31 




31 



0^ ■ ... 

0 

y 







The type of lesions produced on the stems in this experiment was iden¬ 
tical with those obtained in the previous experiments from a pure culture 
of the organism. In no case were lesions found without the presence of 
the typical hyphae characteristic of the sterile stage Corticium vagum. 
The control plants were found to be free from both lesions and fungus. 

The Early Ohio tubers used To introduce the inoculum had not passed 
through their dormant period. Sprouts from these made a growth of 
from X to 3 inches during the five weeks. When harvested, a number ol 
these slow-growing stems showed distinct lesions only at the growing 
point. Further examination indicated that such lesions were initiated 
ill the sinus or reentrant angle of the hook-shaped bud, at which point 
considerable quantities of mycelium were collected (PL 89, A)., The 
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slow growth of tlie shoots and the protection offered in the sinus area 
apparently permitted the collection of hyphae and finally the killing of 
tlie bud or grondiig point of the stems. An explanation is thus suggested 
for the abundance of such localized tissue destruction at the lower tem¬ 
peratures where growth of the young shoot is seriously retarded. It 
further suggests a possible genetic relation between the growing-point 
injury and the lesions occurring elsewhere on tlie stem. 

The results agree with those of experiment 2 in showing a decidedly 
higher percentage of diseased stems and a more severe type of lesion in 
the unsterilized than in the sterilized soil (Table IV and fig. 3). 


TabIvIQ IV .—Percentage of diseased stems in sterilized and tmsterilized soil 

j^XPERIMENT 3 


Temperature (° C.), 

Unsteril¬ 
ized soil. 

Sterilized 

soil. 


a 50 

5 ° 

72 

90 

52-3 

28. 9 

23 

12.5 
14. 2 

33*3 

34.8 

3 S-S 

13-3 

4 

II. 0 ..... 

14.7. 

18. 

21. 

2^,7 ... 







o The water content of the uusterilized soil used in the experiment was found to be 20.4 per cent of its 
dry weight. No determinations were made of the change in the water relation of the soil due to ster- 
Ikation. 


ExPERiMijNT 4.—^This experiment differed from experiment 3 only in 
the use of Early Ohio seed. As adequate sclerotia occurred on the sur- 
face of the potatoes used for planting, the same tubers served both for 
an index and for the conveyance of the inoculum. 

Table V .—Effects of growing Early Ohio potatoes at various temperatures in soil inocu¬ 
lated with sclerotia of Coriicixim vagum 

EXPERIMENT 4 


Temperature 

rc.). 

Number 
of sets 
planted. 

Number 
of stems 
^ grown 
in unin¬ 
oculated 
soil. 

Stems grown in inoculated soil. 

Total 

number. 

Ntunber 

slightly 

injured. 

Number 

severely 

injured. 

Number 
ait off. 

Number 

imin- 

jtired. 

Percent¬ 

age 

injured. 

Intensity 
of injury 
(points). 

8 , 8 . 

3 

5 

25 

5 

I 


II 

24.0 

28.0 

11,8.. 

3 

10 

33 

10 

5 


18 

45-4 

63.0 

^ 5 * 3 ---*'. 

3 

II 

23 

8 

4 


II 

52 . I 

69.6 

18.2.... 

3 

12 

22 

3 

S 

2 

12 

45-5 

86.6 

20.8. 

3 

9 

24 

5 

2 

I 

x6 

' 33-3 

49*7 

23 ‘ 7 - .. 

3 

9 

25 

7 

3 


15 

40.0 

52.0 

27*4 . .. 

3 

9 

26 

4 

1 


21 

19.2 

22.9 

30... 

3 

9 

24 




2 A 
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Tlie results of this experiment, as related to temperature, agree essen¬ 
tially with those obtained in experiment 3 (Tables V and VI and fig. 4). 
The primary difference appeared in the fact that the highest percentage 
of diseased plants were found in the soil held at 15"^ C. When considered 
from tlie standpoint of total tissue destroyed, the high point apparently 
falls at 18°. 

The percentage of infection of the Early stems was much lower and 
less uniform than that obtained with the Irish Cobbler stems in experi¬ 
ment 3. 



Fig. 3.—Rektioa of soil temperature to the severity and to the distribution of the injttry caused oa potato 
stems by Corticium vagum (experiment 3). 


Tabl^ VI .—Percentage of diseased stems in sterilized and unsierilised soil 


Temperature (® C-). 

sterilized 

soil. 

Unsteri- 
^ lized soil. 

S.8..'. 

30,0 

26.6 

30.0 
61,0 
71.4 
71*4 
33*3 
, ' 53*3 



22.2 



22.2 


, 20.0 


23.0 
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With the exception of the stems in one pot of sterilized soil, all control 
plants were found to be free from both lesions and fungus. The presence 
of the fungus in the one control pot resulted, apparently, from inadequate 
sterilization of the seed. 

Expejrimi^nt 5.—^In this experiment, which was started at the time 
of early potato planting in Wisconsin, an attempt was made to approach 
as nearly as possible the exact conditions found in the field in iiomial 
potato culture. Surface soil was obtained directly from the field at the 



Fig. 4.—Reiation of soil temperature to the severity and to the distribution of the inlury caused ou potato 
stems by Corlidum vagiim (experiment 4). 

time of planting. May 17, and was placed, after mixing and without 
sterilization, into sterile cans. No serious modification of the water 
relation or the structure of the soil resulted. The soil was compara¬ 
tively damp, showing a water content at the time of planting of 24.8 
per cent of the dry weight. 

: All tubers used for seed were selected for a uniform and an abundant 
occurrence of sclerotia and for the absence of all bruises or scabbed 
areas which might function in the introduction of complicating organisms. 
In order to eliminate organisms loosely adhering to the surface of the 
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tubers used for soil inoculation, the latter were treated five minutes in 
a mercuric-cholrid solution (i to i,ooo). They were then washed free 
from the mercuric chlorid and planted. Tubers from the same lot, treated 
two hours in the standai'd solution, were planted for control. Three 
half tubers were planted in each can. 

The plants were harvested June 15, 32 days after planting. 

Under these more natural conditions lesions again occurred at from 
90 typical lesions were found in the soil held at 30*^. The 

difference in intensity of injury at the various temperatures was even 
more distinctly marked than was found in the preceding experiments. 
At 24.^ and 27° the lesions were limited both in depth and area. Severe 
cortical injury resulted at and at 15^ and 18° the entire cortex of 
many of the stems was totally destro3^ed (PL 91, A, B). Below 15° this 
type of critical injury again definitely decreased. 

At the soil temperature of 21^ C. and below, the growing points of 
many of the shoots were destroyed. As is shown in Table VII, this type 
of injury was slight at 21"^ but became very prominent at 18° and 15°. 
The highest percentage of stems showing the destruction of the primordia 
was found at the low temperature of'12® (PL 90; 91; fig. 5). In this 
latter respect experiment 5 differed from all previous experiments. The 
relation, however, was so definite as to indicate that similar results 
might be obtained in many cases under natural conditions in the field. 

VII .—Effects of growing Irish Cobbler potatoes at various temperatures in soil 
inoculated with sclerotia of Corticium vagum 


EXPERIMENT S 


Temperature (®C.)- 

Number 
of sets 
planted. 

Number 
of stems 
grown in 
uninocu¬ 
lated soil. 

Stems grown in inoculated soil. 

Total 
num¬ 
ber .a 

Num¬ 

ber 

slightly 

injured. 

Num¬ 

ber 

severely 

injured. 

Num¬ 

ber 

cutoff. 

Num¬ 

ber 

unin¬ 

jured. 

Per¬ 

centage 

injured. 

Inten¬ 
sity of 
injury 
(points). 

n /I .. 


II 

61 


8 

17 

36 

40. 0 

109. 6 

,y' .i 

13 . 5 . . .. 

0 1 
3 

1 

II 

65 

3 

14 

31 

17 

73-0 

190, 9 


3 

13 

62 

2 

16 

24 

20 

62.4 

158. 6 

18. 2. 

3 

8 

64 

4 

22 

23 ^ 


76.4 

182.5 

31 . 4. 

1 3 

9 

51 s 

II 

20 1 

3 1 

w 

TO. 6 , 

117.5 


' 3 

16 

40 

13 

15 


21 

57 ‘ ^ ' 

87. 7 

O'? T . . . 

i 3 

II 

n-y j 

47 


4 


40 

19. X 

27. 7 

If . . 

30* 3 ... 

! 1 

3S 

47 

2 

I : 

! 


44 

6.3 

8-5 


a The number of stems was determined on the basis of ail stems arising from the tuber directly or as sec¬ 
ondary shoots at or near the base of the primary stem (PI. 90, 9x). Comparatively fe%v stems succeeded in 
getting through the soil at the lower temperatures. 


TEMPERATURE RESPONSE OF THE POTATO PLANT IN UNINOCU¬ 
LATED SOIL 

The available data on the temperature requirements of the potato 
secured by Orton (9, id) and Smith (ry) from a study of the regional 
distribution of the plant and as expressed in terms of yield and general, 
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freedom from disease mmst be considered as related priiiiarily to its 
entire growing season. They provide no specific indications as to the 
relation of temperature to the various periods of the growth and develop™ 
ment of the potato plant. So far as is known to the writer, no one has 
given close attention to the effect of soil temperature on growth of the 
potato during the first four or five weeks of its development, at which 
time the '‘RMzoctonia” disease is most destructive. 



^ /e /cf sy 

Fkj. 5.—nelation of soil temperature to the severity and to the distribution of the injury caused on potato 
stems by Corticmm vagum (experiment $), 

In the course of the greenhouse experiments, observations were made 
as to' the reaction of the normal potato plant at the various soil tempera¬ 
tures. The data are seriously limited by the fact that such observa- 
tions^ were of' necessity confined largely to an early period of growth of 
a comparatively small number of control plants. The results, however, 
Q-ppear of sufficient interest to warrant their inclusion* . 

,.';;^,The datairom, the various .experiments emphasized aomewhat clearly 
, the importance of the rate of growth, of ; the young 'shoot during the period 
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ill wiiich the growing point is exposed to the fungus in the soil. This 
relation was determined with a fair degree of accuracy by the rate at 
which the plants appeared through the soil at the various temperatures. 
Uniformly in all the experiments the plants at 24^ C, came up first. 
These appeared after a period of from 18 to 25 days, depending upon the 
vigor and state of dormancy of the tubers used for seed. In general, the 
plants in soil held at 21°, and 27° appeared from 2 to 5 days later 
than those at 24°, while those grown at 9*^ and 12*^ were delayed as much 
as 10 to 15 days. The plants at 30° were very irregular in their growth 
and in a few cases were as seriously retarded as plants at 12°. 

A quantitative expression of the time estimate of the rapidity of 
growth is found in the data presented in Table VIII. The results are 
in general representative of the growth obtained in all the different 
experiments where adequate time was allowed before removing the plants. 
A decidedly different growth relation is shown at the various tempera¬ 
tures with the change of the seat of action from the tubers and growing 
points underground to the leaves and growing points above ground. 
The measurements obtained on December' 2, 33 days after planting, 
together with the appearance of the plants December 15, as shown in 
Plate 88, B, indicates an optimum soil temperature somewhere near 18® 

■ C. for the latter periods of potato growth. This, in general, agrees 'tvith 
the conclusions of Orton (9) and Smith (15). 


Tablj^ VIII .—Effect of various soil temperatures on the rate of growth of the normal 
potato plant at different stages in its early development g. 


Date. 

Age of 
plants. 

Average height of plants at various temperatures- 


12* c. 

15. 2°C. 

iS“ C. 

21.4*’c. 

24“ C. 

27- 

30.s”C 

Nov, 25 .,. 
Dec. 2 .... 
Dec. 15 . 

Days. 

33 

46 

III 

Inches. 

Not tip 
2.6 

Inches. 

1.4 

4.3 

Inches. 
2 , I 

S-8 

Inches. 

2.7 

5,0 

Inches. 

3*2 

4-8 

Inches. 

2 . S 

3-8 

Inches. 
2 . 0 
3-2 










«' The figures represent the height of the plant above the soil. 

& Plate 88, B, shows the relative heights of plants at this date. 


The most interesting results were obtmned with respect to the effect 
of the high temperatures upon the general morphology of the potato 
plant. Uniformly, at 30° C. the plants showed a decided sweling of the 
underground stems (PI. 93, B). This feature was accompanied by a 
repression of the stolons and by what appeared to be a compensating 
development of leafy structures or deformed branches at the under¬ 
ground nodes. Excessive branching also occurred at or near the 
apical region of the stem just as the latter emerged through the soil. 
Upon further growth these branches gave a decided rosetted appearance 
to the plants. The aerial branches were in general very slender, 
with shortened intemodes, and bore very small, narrow leaves whi^; i’: 
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frequently lacked the normal segmentation. These latter relations are 
well sho^ra in Plate 88, A, B, and is further expressed together with 
other relationships in Table IX. 

Tabl,I5 IX. —MeasnYements on Irish Cobbler plants, grown in tminoculaied soil, 
showing the effects of soil temperature upon the development of the various organs 
jj days after planting 


Number of plants measured.., 

9.5° c. 

12° c.« 



Average height of shoots.. (hi.). 
Average diameter of shoots 
(mm.). 


2 . I 

Average width of leaves (mm.) 
Number of leaves per plant... 



Average number of leaves per 
inch of height. 







15.2'^ C. 

18° C. 

21.4° c. 

24° c. 

27.2° c. 

lo.s“C. 

6.0 

5.0 

9.0 

6. 0 

9.0 

5.0 

4.3 

5 -S 

5 -c> 

4.8 

3.8 

3.2 

7 -S 

8.75 

7-5 

7.5 

6.5 

5.0 

37*5 

38. 0 

32.0 

26. 0 

17. 0 

14. 0 

4.5 

5.0 

5 * 3 ^ 

7.0 

7.0 

6. 0 

1.0 

.86 

1.02 

1.4s 

1.45 

I. 89 


« At the time the data were taken the plants in the 12° C. tank were just through the soil but not suffi- 
cientiy high to give reliable measurements. 


At 30° C. excessive lenticle development resulted on both the under¬ 
ground stems of the growing plant and upon the mother tubers. This 
response, no doubt, appeared as results of the excessive respiration occa¬ 
sioned by the high temperature of the soil. 

The various abnormal responses were not confined to the soil main¬ 
tained at 30® C. but were found in a much less exaggerated form at 24® 
and Both these latter temperatures appeared decidedly unfavor¬ 

able for the continued growth and development of the plant under the 
conditions obtained in the experiments. The plants grown at 9® and 
12° showed a development which might be considered below normal 
and exhibited more or less spindling shoots, long intemodes, few leaves, 
and slight yellowing. No tendency to direct tuberizatioii was shown as 
hvas found by Vochting (17) to occur at 6° and On the whole, the 
plants showed the greatest vigor during the latter period of their early 
growdli in the soil held at 18^ and 21®. In parallel experiments which 
were conducted on the potato at the same temperatures and in,,.<w^tiicli 
plants were grown approximately to maturity, the soil temperature of 
15° to 18"^ proved more favorable tlian any of the higher temperatures 
for the plants to 'withstand the continued artificial conditions imposed 
in the experiments. 


FUNGI CONCERNED IN PRODUCTION OF UESIONvS 

In drawing conclusions from the results obtained from tlie different 
experiments in which pure culture and sclerotial methods of soil inocu¬ 
lation were,used, the question immediately arises as to whether in the 
two cases we'are dealing with one and the same pathogen or s'trains of 
the. same p'athogen or'whether in the case ^of'sclerotia-inpculated soil 








July I, 1921 


Pathogenicity of Coriicimn roagnm on the Potato 477 


we are concerned with one or a group of organisms possibly widely differ™ 
ent and capable tinder the conditions of the experiment of producing 
results similar to those secured with the pure culture of Coriicmm vagiim 
described as strain 201. These questions were kept constantly in mind., 
and special studies were made during the progress of the work. 

It is evident from the uniform freedom of the control plants from dis¬ 
ease that the organism or organisms responsible for the lesions occun*ing 
in the inoculated soil were introduced by the various methods used and 
were not resident in the soil in which the potato plants were grovm. In 
but two experiments did typical lesions occur on any control plants, 
and in each of these as reported the threads of “Rhizoctonia^' were 
abundantly and unmistakably present. 

The lesion on the potato stems in the sclerotia-inoculated soil were 
found to be indistinguishable from those produced with the pure cul¬ 
tures of the fungus in sterile soil. With both methods of inoculation the 
fungus was found constantly associated with the resulting cankers. 
When there' was doubt the presence of the fungus was determined either 
by the use of the compound miscroscope or by cultural methods. During 
the studies isolations w'-ere also made from 138 lesions produced in 
sclerotia-inoculated soil. Seventy-eight per cent of these yielded pure 
cultures of Corticium vagum. From the remaining 22 per cent this 
fungus was obtained so intimately associated with other fungi that 
separation was not attempted. A somew^hat higher percentage of pure 
cultures of the fungus was obtained from lesions produced in the arti¬ 
ficially inoculated soil. 

A further study of the casual relation of Coriicmm 'vagum to the lesions 
produced in soil inoculated with sclerotia was made by removing all the 
sderotia from 25 of the potatoes selected from the same seed as was used 
in experiment 5. The tubers were then treated for two hours in the 
standard solution of mercuric chlorid and planted in contact again with 
the scleroti in steam-sterilized soil. The pots were then held at tem¬ 
peratures from to 22*^ C. The.results were comparable in every 
way with those obtained in the sclerotia-inoculated soil in experiment 5. 

With the partially sterilized tubers in experiment 5 the. same type of 
lesions was obtained as with, the pure culture of the fungus and with 
untreated tiiber-bome sclerotia. Finally, the .temperature data in 
general supported the conclusion that in the tw'O methods of inoculation 
the same fungus or closely related strains were responsible for the pro¬ 
duction of the type of lesions concerned. It must be kept in mind, 
however,.that with the introduction into the soil of.a potato the surface 
of which is covered with a large number of organisms, we are introducing 
complicating factors; and it seems quite probable that some of these^ 
organisms may be important factors in increasing'the severity of resulting' 
lesions, or on the other hand, they may possibly inhibit The' pathogenic, 
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action of Corticmm vagtim on tlie potato stems. The recent work of 
Edson and Shapovolov (j) is interesting in this connection. 

From the foregoing studies and from previous work, much more extern 
sive than outlined here, it becomes evident that the sterile stage of 
Corticmm vagtmi is definitely capable, under natural conditions of potato 
culture, of producing all the primary effects on the potato plant which 
have been attributed to it, and that under normal field conditions other 
organisms, whatever they may be, are possibly of secondary or of more 
or less minor importance. Granting their pathogenic action under 
extreme conditions, we have no conclusive evidence as yet of their 
importance in general potato culture. It is evident, however, that this 
problem stands much in need of investigation. 

DISCUSSION 

The results obtained both with pure culture and with the natural 
method of soil inoculation disclosed the general fact that the organisms 
concerned are capable of producing lesions on potato stems over a wide 
range of temperature from 9® to 27° C. Corticmm vagum becomes a 
serious factor in potato production, however, only at soil temperatures 
below 24"^. UTiile proved the most favorable temperature for the 
pathogenic action of the fungus, it appeared evident that any wide varia¬ 
tion in the numerous factors involved might result in a temperature 
requirement for maximum pathogenicity at an}^ point between 15^^ and 
21°, No definite critical temperature such as has been obtained for other 
soil organisms by Gilman (4), Tisdale (rd), and Johnson and Hartman 
(5) was found to exist at the lower range of temperatures maintained in 
the experiments. In all cases within the range of temperature favorable 
for its pathogenic action Corticium vagum proved to be a very dangerous 
parasite. This range approximates very closely that found most favor¬ 
able for the best development of the potato plant. 

The divergence of 'the percentage and the intensit}^ curves at the lower 
temperatures reveals a wide difference between the percentage of stems 
showing lesions at the various temperatures and the degree of injury to 
the plant subsequent to infection. This difference was found to lie due 
both to a more severe type of tissue des'truction subsequent to the initial 
infection at tlie lower temperature and to an attack on and frequent 
destruction of the growing point of the young shoots. This latter type 
of injury was seldom found at or above 21° C., while at temperatures 
lower than 21° it assumed decidedly serious importance. 

At 18° C. the' fungus exhibits a maximum of activity both in tlie 
number of stems infected and in the degree of injury subsequent to 
infection. The exact relation of soil temperature to the divergence 
between these two processes at 21^ and 24*^ as compared with' the lower 
temperatures'is not clear.,;. 'It is possible "that the rapid, rate''of growth 
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of the young shoots' with concomitant increased rate of cellular differen¬ 
tiation enters in as an important factor in lessening the degree of injury 
at the higher temperatures. Again, the depth and the spread of lesions 
may be closely associated with the growing-point injury which is most 
severe at the lower temperatures. On the other hand, it is very probable 
that decreased tissue destruction is in part at least a result of direct 
inhibitive action of the higher temperature upon the physiological activi¬ 
ties of the fungus. Balls (2) noted a similar decreased parasitic activity 
of ‘^sore-shin fungus'* {Rhizoctonia solani) on the cotton plant and 
postulated an inhibiting factorX ” in the form of a by-product of fungous 
metabolism. He assumes -{hat this accumulates at the higher tempera¬ 
tures and limits both infection and subsequent action of the fungus on 
the cotton tissues. Whetlier or not such explanation is justified, it is 
evident that it does not apply to the inhibited parasitic activity which 
resulted in a lesser degree at temperatures below iS°. A determination 
of the type and the rate of enzym secretion by the fungus at the various 
temperatures would undoubtedly aid greatly ' in understanding the 
problem. 

The relation of the temperature of the soil to the destruction of the 
primordia of the young shoots appears more clear. Evidence has accumu¬ 
lated which indicates that this type of injury depends largely upon an 
opportunity for the mycelium to accumulate in the sinus of the bud of 
the young stem in contact with the delicate primordium (PL 89, A). At 
the lower temperatures the rate of growth of the young shoots is so 
retarded as to increase definitely the time of exposure of the young buds 
to the action of the fungus in the soil. The opportunity for the accumu¬ 
lation of the mycelium in the growing points and for subsequent tissue 
destruction is thereby gi'eatly increased. 

The increase in the number of stems noted at tlie lower temperatures 
is doubtless closely associated with the growing-point destruction and 
must be considered as the result of a peculiar balance between the host 
and the parasite which is ultimately conditioned by the temperature of 
the soil. Granted the presence of a virulent “strain” of Coriicium 
mg%m, it appears evident that the number of stems which sundve and 
finally appear through the soil in an infested area wdll depend to a large 
extent upon the duration of temperatures favorable or unfavorable for 
the pathogenic operation of the fungus. When a favorable temperature 
is maintained for a considerable period not only will large numbers of 
primary growing points be destroyed but secondary and even tertiary 
buds may succumb to the attack of the fungus,' thus decreasing the 
number of successful stems per hill. When, however, the period of soil 
temperature favorable for pathogenicity of the fungus is short, resulting 
secondary stems may escape injury; and as two or even'more may start 
from a single injured sprout, a decided increase in the number of stems is' 
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made possible. On the other hand, where total absence of temperature 
favorable for the action of the fungus occurs, as was found in the higher 
temperatures, no effect on the number of stems will result. 

SUMMARY 

(1) The power of the sterile or ‘‘ Rhizoctonia ” stage of Cortimmi vagum 
to produce lesions on potato stems varies greatly in different localities 
and under varying soil and climatic conditions. A study of the factors 
affecting the pathogenic action of the fungus is essential to a better 
understanding of the disease and to the formulating of effective control 
measures. 

(2) Coriicium vagiirn causes the greatest damage to the potato at a 
very early stage in the development of the host, probably before the 
young shoots appear above the soil. Two types of stem injury are 
especially recognized—the cankering of the cortex of the basal portions 
of tlie stem and the destruction of the primordia of the young shoots 
before they push through the soil. This latter type is considered the 
more serious. 

(3) Stem lesions produced by pure cultures of Coriicium uagiim were 
indistinguishable from those obtained in soil inoculated with the sclerotia 
of the fungus. Other fungi are recognized as possible complicating fac¬ 
tors under natural conditions. The fungus attacked the potato steins 
more vigorously in unsterilized than in steam-sterilized soil. 

(4) ' The percentage of stems injured does not give a true index to tlie 
degree of damage produced by the fungus. The intensity of injury is used 
to express the relative value of the diff‘erent soil temperatures. 

(5) The various strains of Coriicium vagum introduced into the soil as a 
pure culture or as sclerotia produced lesions on the basal portion of 
potato stems throughout the same range of soil temperature of from 9*^ 
to 27 C. The ,gi'eatest damage occurred between 15 to 21 while 18® 
proved to be the most favorable temperature for tissue destruction as 
well as for growing-point i^juIy^ Serious destruction of tissue resulted 
at 9°. The severity of attack decreased rapidly above 21® until at 24^ 
C. vagtmi proved to be of minor parasitic importance. Few typical 
lesions occurred at or above 27°. 

(6) ' Growing-point destruction was confined to temperatures at or 
below 2i°C. At 21"^ this type of injury was slight. On the other hand, 
it was found that it may reach its maximum expression at a temperature 
as low as 12^. 

(7) Growing-point injury is dependent upon the rate at which the 
young shoots grow through the soil. At temperatures above 21 °C. 
the rapid growth of the potato, together with the decreased pathogenic 
power of'theiungus, was found to permit the primordia of the young* 
shoots to escape' uninjured. 
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(8) The degree of growing-point destruction appeared as an important 
factor in determining the increase or the decrease from the normal of the 
number of stems above the soil in an infected area. 

(9) No “critical temperature'’ for the pathogenicity of the fungus on 
the potato appeared at the lower range of temperature used. 

(10) The temperature requirements of the potato plant were found to 
vary with its different stages of growth. The young sprouts, while in 
the soil, grew most rapidly at 24° C. Growth was greatly retarded at 15 
and below. At soil temperatures above 24° the plant exhibited such 
abnormal responses as excess branching, shortening of the internodeS; 
decreases in segmentation of the leaves, and decrease of the diameter of 
the stems. A soil temperature of approximately 18° proved optimum 
for the later and continued development of the potato plant. 

(11) The soil temperature of iS^C.found most favorable for the patho¬ 
genic action of Corticium vagum approximates closely the temperature of 
the soil optimum for the general development of the host. 

(12) Soil temperature data obtained from field studies with the potato 
and from greenhouse experiments with the pea and the bean will be pub¬ 
lished in a later paper, 
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PLATB S8 


A. —Irisli Cobbler potato plants grown in soil beld at constant temperatures of 
i8® and 27° C. The effect of tbe higher temperatnre is shown in the smaller size 
and increased number, of leaves, the shorter intemodes, and the decreased diameter 
of the stem. Comparative fignres are given in Table IX. 

B. -^Series of Irish Cobbler potato plants grown in soil held at soil temperatures of 
'9®, 12°, 15®, 18®, 21®, 24®, 27°, and 30®. Plants in A were taken from a, different 
but parallel series. Plants 46 days old. 
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PLATE 89 

Early Oliio potato ^oots showing characteristic sinus injury. With normal seed, 
injury of this type occurred only at a soil temperature of 21® C. and lower. The 
tubers, however, from which these shoots were grown had not passed completely 
through their dormant period. ' Due to the resulting slow growth and to the increased 
length of exposure of the bud to the fungus in the soil, injury occurred at a temperature 
of 24°. ($ee experiment 3, p. 468-470.) 

A. —Shoot showing the characteristic sinus injury and the accumulation of the 
mycelium of 'CotiiciuM vagmn in the sinus at tlie point of attack. 

B. —Three additional shoots of the same seed, showing more advanced and pro¬ 
gressive stages of the growung-point injury* 



PLATE 90 

Plates 90 to 93, sliowing plants from experiment 5, representing the type and tibe 
degree of injtuy to Irish' Cobbler potato stems, which occurred'in sclerotia-inocnlated 
soil (unsterilized) held at constant temperatnres ranging from 9^ to 30® C,, as specified 
in the^ respective legends, 

A. —Plant grown at a soil temperature of 9 ® C, Twenty-seven per cent of the grow¬ 
ing points were destroyed at this temperature. 

B. —Plant grown at a soil temperature of 12®. Forty-seven per cent of the growing 
points of the plants held at this temperatnre were destroyed. Greater tissue destruc¬ 
tion also occurred than at 9®. 
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PLATE 91 

A. —Plants grown at a soil temperature of 15 ® C., ,Tliirty-eiglit percent of the grow¬ 
ing points were destroyed at this temperature. 

B. —Plants grown at a soil temperature of 18®, The most severe tissue destruction 
occurred at this temperature. Note that at only two points along the underground 
portion of the stem does the cortex remain uninjured. Of the five stems from this 
tuber, three were “cut ofi.” Thirty per cent of the growing points were destroyed. 



PLATE 92 

A. —Plant grown at a temperat-ure of 21 ® C. Serious cortical destruction occurred 
at this temperature. Only 5.8 per cent of the growing points were injured. 

B. —Plant grown at a temperature. of 24®. Cortical injury 'was decidedly less 
serious than was found for the lower temperatures. No growing points were destroyed. 















PLATE 93 

A*—Plant grown at a tetoperatture of 27 ®C. Slight cortical injtiry occtutred on 9 
of the 47 plants grown in inoculated soil. 

B.—Plant grown at a temperature of 30®. No typical lesions were found at this 
temperature. 




FURTHER EXPERIMENTS IN FIELD TECHNIC IN PLOT 

TESTS ' 

By A. C. Arny ^ 

Head of Section of Farm Crops, Division of Agronomy and Farm Management, 
Department of Agriculture, University of Minnesota 

INTRODUCTION 

In a former paper (2)^ results of determinations of tlie effect of i 84 ncii 
alleys on the outside and inside border rows of oats, wheat, and barley 
varieties were made available. At that time no data appeared to be 
available regarding the possible border effect on rows farther within plots 
than the second 6-inch drill row. To secure data on this point, determi¬ 
nations of yield for the first, second, and third 6-inch drill rows from 
either side of each plot were made in 1918. 

In the determinations of border effect with varieties, the rate of seeding 
as well as other factors were necessarily as nearly identical as it was 
possible to make them. 

Cultural and rate of seeding tests on plots surrounded by alleys and 
roadways are being carried out yearly. To what extent does border 
effect influence results in such trials where all plots are sown with the 
same variety and where other conditions such aS' methods 'of prepa¬ 
ration of the seed bed, rates of seeding, etc., are varied? In order to 
secure data on border effect in rate of seeding tests, determinations were 
made in 1918. 

The data secured for the purpose of aiding in the interpretation of 
results ill Minnesota may be of interest to scientific workers elsewhere and, 
therefore, are made available. 


REVIEW OF EITERATURB 


The need of using methods in conducting plot tests and in the inter¬ 
pretation of results from them which may be relied on to give close 
approximation to the actual results has been given' considerable atten¬ 
tion. The subject has been considered mainly from four standpoints, 
(i) selection of the location for the plots, (2) laying them out, which 
necessitates the consideration of how many repetitions, size and shape, 


^ Published with the approval of t^^^rector as Paper 226 of the Jotiroal Series of the Minnesota 
cultural Experiment Station. ^ 
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number and location of controls, alleys between plots, etc., (3) the technic 
of har\'estiiig and thrashing, and (4) the interpretation of the results. 

Carleton (4), Piper and Stevenson (17), Thome (20), and others have 
considered practically the entire subject in a general way and have 
offered suggestions looking toward the improvement of technic in plot 
tests. Lyon ( 12 ) used original data and that of others to emphasize 
some of tlie essential considerations in plot tests, 

Harris ( 8 ) has used the original data of Montgomery (15) and that of 
Mercer and Hall (jj) to show the need of considering variations in the 
soils of fields used for experiment when interpreting the results from 
them. In a later article (9) the same writer used the original data of 
Kiesselbach (ii) and that of others to further demonstrate heterogeneity 
of soil in fields selected for their uniformity. Emphasis is laid on the 
necessity for greater care in 'the technic of plot tests and on the use of 
statistical methods in the analysis of the data. 

Surface and Pearl (19) propose a method for use in correcting for soil 
heterogeneity in plot tests. This method is useful only when the plots 
are located in blocks several in extent each way. 

Smith ( 18 ) emphasizes the value of replication and of carrying the tests 
over a period of years in securing dependable results. He also mentions 
that the plants in one plot may have an influence on those growing in 
adjacent plots. Montgomery ( 14 ) has shown that the plants of one 
variety may have a considerable effect on those of another variety grow* 
ing near. Hayes and Amy ( 10 ) report on the effect that plants in 
rod rows spaced a foot apart may have on each other. 

That the yields of plots flanked by cultivated alleys are higher because 
of the effect of the additional space on the outside rows has been shown 
by Amy and Steinmetz (2). The higher yields of border rows as com¬ 
pared with central rows in plots flanked by alleys has been shown by 
Arny and Hayes (/), and in addition, the effect of border rows on the 
rank of particular varieties in tests is emphasized. 

Since the publication, of the earlier article (2) several papers which 
relate to this subject have come to the attention of the writer, Fletcher 
(7),reports that crops growing on the border of a fallow yielded at a rate 
as much as 10 times as great as the rate in the center of the plot. This 
is accounted for largely by the absence of toxic substances on the fallow 
side of' the outside rows. The width of the fallow area is not mentioned. 

.Chittenden (5) gives results for turnips planted in plots 33 feet long 
^d 7 feet' 6 inches wide. The rows of turnips were i S' inches apart, and the 
outer rows of any two plots were 4 feet 6 inches apart. This gives 36 
, indies of additional space, to the two outside^rows flanking each alley. The 
'' rowS'/extended east, and west. For^the crop planted May 25 and weighed 
July 29,. the'weights of the tops of the outer rows averaged 94 as compared 
with the middle row's weight of 78, both on the basis of xoO' for the 
heaviest,row#' On the same basis, the roots,from'the outside rows aver- 
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aged 91 and the middle row 83. In another trial, four rows of turnips 
each 18 inches apart were sown July 16 in plots 13 feet by 9 feet with 9 
feet 6 inches as the distance between the outside rows of any two plots. 
These were harvested September 28. Here on the basis of 100 for the 
heaviest row of each plot, the roots from the outside rows yielded at the 
rate of 95 and tlie inside rows at'the rate of 70. Discarding the plants in 
the outside rows before estimating yield is recommended. 

In a later paper the same writer (6) reports that potatoes in 3-foot 
rows, with alleys several feet wide on one side and from 4 to 5 feet wide 
on the ends, showed marked border effect. The rows extended north 
and south. Inner row No. i, next to the outer row, yielded 72, and the 
third row in the plot yielded 72, as compared with 100 for the outside 
rows. Yields of the end plants of the rows was as 100 to 82, as com¬ 
pared with the average of the other plants in the same rows. In other 
trials end plants yielded 100 to 87, 100 to 92, and 100 to 88.4, respec¬ 
tively, as compared with the average for the other plants in the same 
rows. Comer plants—^those having additional space in two directions— 
yielded 100 to 79, as compared with the other plants in the outside 
rows, and 100 to 57, as compared with the inner plants. The statement 
is made that in yield trials at Wisley outer rows are planted which do 
not essentially belong to the plots. They are to protect the rows of 
the plants from border effect. 

Wheeler (21) notes that in Germany at some locations provision had 
been made to prevent border effect, and that in some experiments at 
the Rhode Island Station border effect was eliminated by removing a 
strip 3 feet wide on the sides and 6 feet wide on the ends. This width 
was decided on because the area remaining was then Vio acre. 

Bedford and Pickering (3) in field tests found the weights of the entire 
plants in outside rows to be heavier than the weights of the produce 
from the inner rows. The relation in percentage was as follows: Mustard, 
outside 297, 201, and 200, as compai*ed with 100 per cent for the inner 
rows; wheat at Ridgemont, outside 131, inside 100; wheat at'Woburn, 
outside 204 and 161, inside 100; barley at Harpenden, outside 126, 
inside 100. On plots manured from 100 to 300 tons per acre the outside 
rows of mustard were 190, as compared with the inner 100; on land 
less heavily manured the outside were 228 and' the inside 100. From 
these results the authors conclude that, under ordinary circumstances, 
approximately one-fourth of the border effect is due to increased food 
supply and three-fourths to decrease in toxic effect. 

The observation is also made that with the mustard plant the border 
effect did not extend beyond 6 inches from the edge of the plot, no 
effect in the second rows being noticed when the rows were 9 inches 
apart. The width of the alleys or fallow spaces between plots is not 
mentioned. 
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TECHNIC OF THE EXPERIMENT 

The determinations of yield to indicate the effect of alleys on first, 
second, and third rows on either side of each plot were made on the 
wheat, oat, and barley varieties at University Farm. 

A rate of seeding test for oats has been conducted at University Farm 
for a number of years. The rates used vary from 48 to 112 pounds per 
acre, which gives a wide variation in the number of seedlings per acre 
in the spring and in the number of culms per acre at maturity* This 
material served for the purpose of border effect determinations, as well 
as for that which it was originally outlined. The various seediiigs, 
both in the variety tests and in the rate of seeding tests, are made on 
the same day, as far as possible, usually in early April, and the grain is 
harvested during the last week in July or the first week in August. 

The soil at University Farm is a Hempstead silt loam, which is not 
representative of any large area of the State. In order to secure a varia¬ 
tion in soil and other environment, the rate of seeding test was dupli¬ 
cated at the Moms Substation, which is located on a fine silt loam of 
Young Gray Drift formation. This is a soil more representative of a 
large area of the State than that on which the University Farm is located. 

There were four regularly distributed plots of each variety of oats, 
wheat, and barley at University Farm. In the rates of seeding tests at 
the Moms Substation there were 3 plots of each rate except the 96- 
pound rate, of which there w^ere 5 additional used as controls. At Uni¬ 
versity Farm there were 2 of each rate on 5 different methods of seedbed 
preparations, making 10 in all for each rate. 

At Morris the plots were made up of 12 six-inch drill rows, a total 
width of 6 feet. The length was 130 feet. At University Farm the plots 
were made up of 17 six-inch drill rows, a width of 8.5 feet. For the 
variety test the length was ,129 feet, and for the rate of seeding test 132 
feet. The borders on the ends of the plots next to the roads were removed 
accurately before harvest by trimming to a line established by a wire 
stretched shortly after planting. 

Alleys il 4 feet wide extended between each two plots. They were 
cultivated to keep them reasonably free from weeds. The variety test 
plots extended north and south, and the rate of seeding plots at both 
locations extended east and w^est. 

' At Morris the , series on which the test was conducted had been in 
meadow the year previous. Grain crops appear to be retarded, in some 
ihst^ces, following meadow as co,mpared with'following corn or^ a grain 
'#hich has followed'corn. The latter part of the growing season was 
without rainfall, which made conditions for the grain crop still less satis- 
IIpiversity^Farnx tests, followed com in 'regular rotations, 
and the rainfall during the growing season was ample. 
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In the variety tests three rows on either side of each plot were harvested 
separately, bound and tagged. They are referred to as outside border, 
middle border, and inside border rows, respectively. In the rates of 
seeding tests, two border rows were removed from either side of each 
plot in turn, bound and tagged. They are referred to as outside and in¬ 
side border rows. In both tests the rows remaining after the various 
border rows were removed are referred to as central rows. They were 
harvested with the binder. At thrashing time each row or rows, in the 
case of the central areas, were thrashed with a small machine, and the 
grain was weighed. 

The sizes of the areas from which yield determinations were made 
are given in Table 1. 


I .—Areas from which yields were determined 


Location, 

Number 
of 6-mch 
drill rows. 

Dimensions of areas. 

Part of an. 
acre. 


f I 

6 incbesX 130 feet... 

1/670. 15 
1/83.77 
1/67. 015 

1/53-84 

1/660 

: 1/50- 77 

1/44 

1/38. 82 

1/675-35 

1 I/6I. 40 

1/51-95 

1 1/43- 

1 1/39- 73 

Morris Substation. 

8 

4 feetX 130 feet. 

5 feetX 130 feet. 


10 


12 

6 feetX 130 feet. 


I 

6 iiichesXi32 feet.... 

University Farm (rate of seeding 
test). 

^3 ! 

i 

W 1 

I 1 

6.5 feetX 132 feet. 

7.1; feetXi'?2 feet. 


8.J feetX 132 feet. 


6 inches X129 feet.. 


II 

5.5 feetX 129 feet. 

University Farm (variety test).. 

< n 
15 

17 

6.5 feetX 129 feet. 

7.5 feetX 129 feet. 


8,5 feetX 129 feet.. 





In order to secure the yields of the various'plots with no border row 
removed, one removed, two removed, and (for the variety test)' three 
removed, the weights of all portions of each plot were added together 
to secure the yields with no border rows removed. Likewise for ^the 
variety test the weights of the central rows and the two middle border 
rows were added to secure the yields with the outside border rows only 
removed, and for the rate test the inside border rows were added. In 
the variety tests the weights of the central rows and those of the inside 
border rows were combined to secure the yields of the plots with two 
border rows removed. , The yields for the variety plots, with three 
border rows removed and the rates of seeding plots, with two border 
rows removed were computed from,the weights of the grain, from the 
central rows. The total weight of grain from the central rows was 
divided by the number of rows in order to secure the average yield;for 
these rows. AH computations have been checked. 
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EFFECT OF CULTIVATED ALLEYS ON YIELDS OF DIFFERENT POR¬ 
TIONS OF PLOTS IN VARIETY AND RATE OF SEEDING TESTS 

Examinations of tlie yield data as given in Table II for the rate of 
seeding tests with oats grown at Morris on sod' land and tinder com¬ 
paratively dr}' conditions showi^ that at each rate the outside border 
ro'ws yielded very much higher (an average of 233.6 per cent) than the 
inside border rows, which in turn produced at a higher rate (an average 
of 139-7 per cent) than the central row's. 


TabIv^' 11 .—Auerage yields in bushels per acre of oaU from rate of seeding trials har¬ 
vested from horder drill ro7vs spaced 6 inches apart removed from cither side of plots 
6 by igofeet at the Morris Subsiatioji and S.g by 132 feet at University Farm and 
from the central 8 and 13 rows, respectively, nihich remained after the removal of 
border roios 


SotiTce. 

Num¬ 
ber of 
rows or 
plots. 

Yield in bushels per acre and in percentage 
based on the ^-ields of the central rows sown 
at the rate (in txsunds per acre) of— 

Average 
yield 
per acre. 

4 S 

64 

80 

96 

112 

Morris Substation : i 


Bushels, 

Bushels. 

Bushels. 

Bushels. 

Bushels. 

Bushels. 

Outside border rows. 

40 

84. I 

99.6 

105. 9 

104. I 

103.0 

99*3 

Inside border rows.... — 

: 40 

s;6.2 

59-4 

68.6 I 

58.6 

S 3 -4 

59* 2 

Central 8 rows... 

20 

36.8 

41. 2 

00 

lAj 

45 -4 

43.4 

42. 5 

University Farm: 








Outside border rows. 

100 

I 142.9 

152.4 

162.9 

164.1 

170. 7 

15S.6 

Inside border rows. 

100 

70.3 

62. 4 

72. 2 

81.1 

77.4 

72. 7 

Central rows. 

so 

72*3 

72.2 

76.1 

79.3 

75 - S 

75 * 

Morris Substation; 


Per cent. 

Per cent. 

\per cent. 

Per cent. 

Per cent. 

Per cent. 

Outside border rows. 

40 

228. 5 

241.7 

i 231.2 

229. 3 

' 237-3 

2 . 3 : 3 - 6 

Inside border rows. 

40 

152.7 

144.2 

; 149. 7 

129. I 

123.0 

139- 7 

Average central rows. 

160 

100. 0 

100. 0 

100.0 

100. 0 

100. 0 

100. 0 

University Farm: 








Outside border row^s. # 

ICO 

197.6 

211. I 

214.1 

206. 9 

226. I 

2X1. 2 

Inside border rows.... 

xoo 

97.2 

86. 4 

94. 8 

102.3 

102. 5 

96.6 

Av'erage central rows...... 

650 

100. 0 

100. 0 

100. 0 

i 

1:00. 0 

lOQ. 0 

100. 0 


At University Farm, under more favorable growing conditions, llie 
outside border rows yielded on an average 211.2 per cent of the yield 
of the central rows. The inside border rows more, often yielded less 
rather than moi-e than the average of the central rows. In the 64-poiiiid 
rate; the abnormally low average is due to a chance combination of 
low-yielding rows in this particular rate of seeding. 

For tlie work witli the varieties at University Farm the data for tlie 
i'9i7Work ate included' here in order that comparisons may'be more 
easilyvmade, 'In 191S the outside border rows yielded'"considerably 
higher'than'the middle, inside, or central rows for all three crops. The 

of the'oat and wheat crops yielded prac- 
ticaHyyeqnally, whereas''';'fGr-" th^' barley', crop there is a difference of 
approximately 5 bushels between the two' yields.' Both the middle and 
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inside border rows yielded approximately 5 busbels Mgher than the 
average for the central rows. 

Considered on the percentage basis the border effect, in 1918, on the 
outside rows was slightly higher for the oat and wheat crops and con¬ 
siderably lower for the barley crop than in 1917. The most striking 
difference in the results for the two seasons is that in 1918 the effect 
of the allej^'S for each of the three crops is much less apparent on the 
second rows (the middle'border rows in 1918 and the inside border rows 
ill 1917) than it was in 1917. The average in percentage for the three 
crops is 115.03 in 1918 as compared wdth 140.93 in 1917. In 1918, the 
third rows from the outside yielded approximately 5 bushels more than 
the average for tlie central rows for each of the three crops. Stated in 
percentages, the yields of the third rows from the outside are 106. i 
for the oats, 113.7 for the wheat, and 108,6 for the barley, or an average 
for the three crops of 109.47 as compared with the average for the 
central rows. 

Tabled III.— Average yields in miskels per acre of varieties of oats, wheatf and barley 
harvested from border drill rows^ spaced 6 inches apart, removed from either side of 
each plot and from the central rows remaining after ike removal of the border rows, 
and the yields of the border rows in percentages based on the yields of the central tows 


Year and source. 

Oats, 

V^eat. i 

( 

Barley. 

Number 
of rows 
or plots. 

Average 
yield per 
acre. 

Number 
of rows 
or plots. 

Average 
>deid per 
acre. 

i 

Number 
of rows 
or plots. 

Average 
yield per 
acre. 

1918: 


Bushels, 


Bushels. 


Bushels. 

Outside border rows....... 

II 2 

142.8 

56 

73-1 

72 

99-9 

Middle border rows. 

II 2 

82.8 

5 ^ 

40.S 

72 

60.9 

Inside border rows. 

II 2 

80.0 

S6 

39 -S 

72 

SS-8 

Central xi rows. 

36 

7 S -4 

28 

35 *^> 

36 

51.4 

1917: 







Outside border rows. 

88 

131.97 

40 

55.00 

32 

97-73 

Inside border rows. 

88 

87-95 

40 

40.98 

32 

64.56 

Central 13 row’s. 

44 

71*37 

20 

27.25 

‘16 

42.87 

1918: 


Per ct. 


Per ct. 


Per cL 

Outside border rows. 

112 

189.4 . 

56 

20S.9 

72 

194.4 

Middle border rows. 

112 

109,8 

56 

X16.6 

72 

118.5 

Inside border rows. 

112 

106.1 

56 

113*7 1 

72 

108.6 

Central ii rows. 

56 

100.0 

28 

100.0 

36 

100.0 

1917: 







Outside border rows. 

88 

184.9 

40 

204.4 

32 

238.0 

Inside border rows. 

88 

123.2 

40 

149.3 

32 

^50-3 

Central 13 rows... 

44 

100.0 

20 

100.0 

16 

100.0 


,,, BORDER EFFECT AND THE INTERPRETATION OF YIEEDS 

It has been shown that the effect of alleys increases the yields of the 
outside border rows very materially and, in the majority of cases, 
creases the yield of iSie second and third rows also, but to a less extent. 
On small plots the effect of the increased yield of these border rows 
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results in materially higher yields for the plots when these row's are 
included as compared with results when they are removed before harvest 
( 2 ), These increases in yields are given in Tables IV and V. 

Tablis IV. —Comparisons of increases in yields in bushels per acre and in percentage of 
oats sown ai different rates in pounds per acre, 'witk no border rows removed and with 
one border row removed from either side of each plot, based on the yields as lOO with two 
border rows removed 


Locatioii and rates of seeding 
(ia pomads per acre,) 

Yield per acre. 

Increase in yield per acre. 

No 

border 

rows 

removed 

Outside 

border 

rows 

removed- 

Both out¬ 
side and 
inside 
border 
rows re¬ 
moved. 

No border rows 
removed. 

One border row 
removed. 

Morris Substation: 

4S. 

64... 

So. 

96. 

Ill... . .. 

Average. 

University Farm: 

4B. 

64. 

So. 

. 

113... 

Avciage. 

Bushels. 

48.0 

54- 0 
59*9 

5S.7 

55- 0 

Bushels. 
40.7 
44-7 
50.4 
49. s 
45. X 

Bushels. 
36. S 
41.2 
43.8 
45-4 
43-4 

Bushels. 
11. 3 
13.8 
14. s 

II, 6 

Per c''nt. 
30- 3 
31.1 
30. 7 
29.3 
36, S 

Bushels. 

3.9 

3.5 

4.6 

3.5 

1.7 

Per cent. 
10. 6 

8. s 

10.0 
7. 7 
3.9 

SS-i 

I 4A r 

42. 5 

12. 6 

29. 6 

3.4 

8.1 

80.4 
8a 5 

93.0 
88.8 

1 86.9 

73.0 
70.9 
75- 7 
79. S 
; 73.8 

73.3 

72. a 
76.1 
79-3 
75. 5 

8.1 
8.3 
16. 9 

9.5 

II. 4 

II. 3 

II. 5 

23. 3 

13. 0 

15.1 

-0.3 
*-1.3 
~ ,4 

. 2 

.3 

—0.4 

•*“ . 3 

“ *5 

, a 

.4 

1 Ss -9 

i 

! 74.8 

75-1 

1 10. s 

X4.5 

-.3! -.1 

1 


Tabi^S V .—Comparison of the increases in yield due to border effect of oats, wheat, and 
barky in bushels per acre and in percentage based on the yields wiih three, two, and one, 
border raw removed in igxS, and on yields with two and one border row removed in igi 7 , 
ai University Farm, St. Paul, Minn. 


Crop. 

Nmn1x:rof 
lK>rder rows 
removed from 
either side 
of each plot. 

1918 

1917 

Yield 

per 

acre. 

Increase in yield per acre over that 
secured with— 

Yield 

per 

aae. 

Increase in yield per acre 
over that secured with— 

One border 
row- 

removed. 

Two border 
rows 
removed. 

Three 
border rows 
removed- 

One border 
row 

removed. 

Two border 
rows 
removed. 

Oats. 

[None. 

Busk 

83.4 

75.9 

75-2 

74.3 

40, S 

36.4 

3S* 8 
35. X 

5S.3 

53.2 
5'2.0 
SI, 4 

Busk 

P. ci. 

Busk 

P.ci. 

Busk 

P.ci. 

Busk 
So. s 
73.6 

71.4 

Busk 

P. a. 

Busk 

P.a. 

JOne. 

7.5 

9.87 

. 

8.3 

.7 

10.90 

.93 

. 

9* I 

1.6 
•9 

13 . as 
a. IS 
1, 20 

6.9 

9.38 

9* I 
2. 3 

13,74 

3.0S 

ITwo ... 

IXhme . ' 

Wheat. 

1 



[None..,.. 



. 


32- 5 
29. a 

37.3 





JOne. 

4*4 

...... 

12.09 

S.o 

.6 

13*97 

1.68 

S*7 

1.3 

16.24 

3.70 

1,99 

3*3 

IZ. 30 

S-ax 

1,90 

19- 03 
6,96 

; |Xwo. 

iThice .. 





Barley,.,.,' 

[None. 





51*4 

45*8 

43.9 





lone. 

iTwo... 

ITbiee......... 

S.I 

9- 59 

6-3 

I. a 

la. 12 
2.31 

6.9 

X.8 

.6 

13* 4® 
3* 5® 
1.17 

5.6 

12. 23 

8.S 
3. 9 

19.81 
6 . 76 














i 



















































July 1,1921 F urther Experiments in Field T echnic in Plot T esis 491 

For the rates of seeding tests at Morris, there is a rather unifonn increase 
in yield averaging 12.6 bushels higher with no border rows removed as 
cbmpared with yields when two rows were removed from either side of 
each plot* At University Farm the average increase was 10.8 bushels. 
When the outside border rows only were removed, the yields at Morris 
were from 1.7 bushels to 4.6 bushels higher than when both outside and 
inside borders were removed. At University Farm the removal of the 
outside border row appears to have done away with any border effect. 

In the variety test at University Farm, in 1918, inclusion of the out¬ 
side rows increased the yields of the oat crop 7.5 bushels, the wheat crop 
4.4 bushels, and the barley 5.1 bushels. Including the three border 
rows on either side of each plot increased the yields of the oats 9.1, the 
wheat 5.7, and the barley 6.9 bushels. In 1917, the increases in yield 
due to border effect were still more marked. 

On farms where crops are produced on fields of considerable size, 
border effect is negligible on account' of the relatively small proportion 
of the field in border. Yields reported from plots, the borders of which 
have not been removed are therefore probably somewhat misleading, in 
that they are higher than those which would be secured from large 
fields under the same conditions. However, the more important con¬ 
sideration is the effect of borders on the relative yields of the different 
treatments in cultural tests and of the several varieties in tests of that 
nature. 

The yields with the standard deviations and the rank at each rate of 
seeding for the oats at Morris and University Farm are given in Table VI, 


Table VI .—Comparison of average yields per acre from plots having alleys on sides 
and ends with no border rows removed, with one border row removed, and with two border 
rows re^mvedfrom either side of each plot, for various rates of seeding of oats 


I^ocatioa and rate of 

Num- 

No border rows removed. 

One border row removed. 

Two border rows re¬ 
moved. 

seeding (in pounds 
per acre). 

ber of 
plots. 

Yield 

per 

acre. 

Rank. 

Standard 

deviation. 

Yield 

per 

acre. 

Rank. 

Standard 

deviation. 

Yield 

per 

acre. 

Rank. 

Standard 

deviation. 

Morris Substation: 

4S. 

3 

Bush. 
48.0 

5 

6.4 S±i- 7S 

Bush, 
40. 7 

S 

S. 53*1.52 

Busk, 

36.8 

S 

6.78*1.87 

64 —. . 

3 

54.0 

4 

.46± .ra 

44- 7 

4 

I. io± ,30 

41.2 

4 

X.S4* ,51 

80,,. .. 

3 

59*9 

I 

a. 49± 

50-4 

I 

.98* .26 

45-8 

1 

1.44* .40 

96. 

S 

SS.7 

a 

S. 93 ±1.63 

48. 9 

2 

6.57*1.81 

45.4 

a 

7.3i*a.oi 

xia . . . 

3 

SS-o 

3 

4.4dd:I.a3 

45.1 

3 

S. 75^=1.58 

43.4 

3 

7. 73*2.13 

Average. __ _ 


55* I 


3,96 

45.9 


3.98 

42.5 


S-09 

University Barm; 

4S. 

10 

80.4 

5 

7.03*1.66 

72, 0 

4 

7. 64*1. IS 

72.3 

4 

7.97±r.20 

64...... 

10 

So. 5 

4 

5.774: *87 

70.9 

1 5 

4 , 23 * .64 

73. a 

S 

3.84* ,53 

So...,. . 

10 

93-0 

I 

7.74±x.i7 

75. 7 

i 3 

4 20* . 94 

76. X 

a 

7,66*1.16 

96 . 

10 

88.8 

2 

7. 33db I. II 

79.5 

I 

6. 89* I. 04 

79.3 

I 

7. 7ad:,x. 17 

'ris.... .. 

to 

86.9 

3 

5.34* .79 

75.8 

a 

4. 70* '. 71 

75-5 

' 3 

.75 

' Average . 


S 5.'9 ' 


6.6a 

74.8 


S- 93 ' 

7S*i 


6.43 


48495 ®— 21 -- 8 
























492 


Jotmial of Agncnltuml Research 


Vo!. XXI, Xo. y 


Inspection of the yields from the various rates of seeding at Morris, 
with no border rows removed, show that the So-pound seeding gave the 
highest yield and the others ranked in the following order: 96 pounds, 
112 pounds, 64 pounds, and 48 pounds. This rank is not changed by 
the removal of one or two border rows. The least significant difference 
between the yields of any two rates of seeding was found for this test by 
using the formula 

standard deviation X 0.6745 

---- y 

\n 

where n denotes the number of plots for each rate (22). The result was 
multiplied by 3.2, which makes the odds 30 to i that the result is not 
due to chance (16). For no border rows removed, this figure is 4.93. 
Wrhere one and tvro border rows w'-ere removed, the figures are 4.96 and 
6.27, respectively. If these are used in a broad way in the interpre¬ 
tation of the results, it appears that where no border rows were removed 
the 8o-pound rate of seeding gave better results than the 64-pound 
rate, which in turn gave better results than the 48-pound rate. The 
interpretation of the results where one and two border rows were 
removed would not be much different. 

At University Farm the rank wfith one and two border rows removed 
tends to be somevrhat different than with no borders removed. Employ¬ 
ing in a broad way 4.51, 4.06, and 4.3S bushels, respectively, as the 
least significant differences where none, one, and two border rows were 
removed, an interpretation of the results may be made. no 

border rows 'were removed, the So-pound rate appears to have yielded 
the highest, with the 96-pound and 112-pound rates equal and in turn 
higher than the two lower rates. For the tests with one and two 
border rows removed, the 96-pound rate seems to have maintained a 
lead over the 80- and 112-pound rate and to have yielded significantly 
higher tlian the 64- or 4S-pound rate of seeding. 

The results for the variety tests of oats, wheat, and barley in 1918 
with none, one, two, and three border rows removed are given in Table 
VII. 

For the oat and barley varieties there are some changes in rank 
brought about by the removal of border rows. It is of interest to note 
that the removal of borders makes no change in the rank of the last 
fom*' varieties, which were also the lowest in rank in the 1917 tests. In 
the barley variety test the rank of the Manchuria cross and'the Chevalier 
are not changed. The Chevalier ranked the highest in X917. 

With the same formula as was used in the rate of seeding tests to 
secure figures representing the least significant differences, the follow¬ 
ing were seemed for the oat tests: No borders removed, ,5.26 bushels; 
one removed, 4.54 bushels; two'removed, 4.46' bushels; and three re¬ 
moved, 6,90 bushels, 'These amounts have been subtracted' from'/the 
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liighest yielders tmder each method of test, and lines have been dra-wii 
at what may be considered the discard point for the season. Removal 
of one and three border row's, respectively, from either side of each 
plot low^ers the discard point in the test. Due to the removal of the 
border rows, there are a number of changes in rank; but in general the 
varieties above the discard point with no border rows removed remain 
there under the other methods of test, except as has been previously 
noted. 

For the wheat variet}^ test the least significant differences in bushels 
per acre for the various methods of test are as follows: No borders 
removed, 1.67; one removed, 1.71; two removed, 1.92; three removed^ 
2.14. Lines have been drawn at what may be considered the discard 
point for the season. When no border rows w^ere removed, Marquis 
gave a lower yield than Mindum or Preston; but with one border row 
removed from either side of each plot, Marquis equaled the other two in 
yield and maintained that rank with tw^o and three border rows re¬ 
moved. 

In the barley variety test the least significant differences were found 
to be for no border rows removed, 3.94 bushels; one row removed, 3.62 
bushels; two rows removed, 3.58 bushels; and three rows removed, 3.97 
bushels. 

The removal of one border row from either side of each plot put the 
yield of one variety below the discard point adopted. The removal of 
three border rows put Svansota below the discard point. Removal of 
two border rows also raised Improved Manchuria from a rank of 6 to a 
rank of 4 in yield. 



Tabi^i^ VII .—of avitage yields per acre for iqi 8, for four plois (approximate size) with no border rows rentowd, and with one, two, 

and three border rows removed from either side of each plot for ig varieties of oats, y varieties of wheat, and g varieties of barley 
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SUM^IARY A.ND DISCUSSION OF RESULTS 

From tlie data gi^'Cn in Tables II and III, it appears that, subject 
to the influence of environment and varying somewhat vith the crop, 
the effect of iS-inch cultivated alleys on the outside rows of plots is 
quite uniform and marked. 

The effect on the second 6-inch drill rows within the border of the 
plots appears to be more variable. Thus, as shown in Table III, in the 
1917 variety test, the effect ranged from 123.2 per cent in oats to 149.3 
per cent in wheat and 150.3 per cent in barley, based on the average 
yields of the central rows. In the 1918 variety test, the second row^s 
averaged 109.8 per cent for oats, 116.6 per cent for wheat, and 118.5 
per cent for barley, based on the yields of the central rows. Consider¬ 
ing the results for the rate of seeding tests at Morris, the second rows, 
inside border rows, yielded at the rate of from 152.7 per cent for the 
thinnest seeding to 123.0 per cent for the thickest, based on the yields 
of the central rows. The greatest border effect on the second rows 
appears to be in the thinnest-sown, and the least effect in the thickest- 
sown plots. In the rate of seeding test at University Farm there ap¬ 
pears to have been no effect on the second rows. 

The effect on the third rows, inside border rows of the 1918 test, 
was slightly less than the effect on the second rows for each crop. They 
yielded at the rate of 106. i per cent for oats, 113.7 per cent for wheat, 
and 108.6 per cent for barley, based on the yields for the central rows 
as 100. 

Therefore, in this test -with varieties of oats, wheat, and barley, the 
influence of 18-inch cultivated alleys extended to the third 6-inch drill 
rows within tlie plots on either side. Wlien sown at tliis distance apart, 
the third drill rows occur at a distance 15 inches from the outside bound¬ 
aries of the plots. Possibly the differences in the crops grown and in 
the environment may account for the influence of the borders being 
exerted to a greater distance within the plots than was observed by 
Bedford and Pickering (j). In their tests it is not stated whether a 
crop wm growing on the other side of an alley or whether the rows were 
bordered by a considerable fallow space. A considerable fallow area 
presumably would exert an influence farther within a plot than a narrow 
cultivated alley flanked on the other side by the same crop. 

Bedford and Pickering (j) found it necessary to make the outside rows, 
since the actual outside rours were often found to be so badly'injured 
by the cultivating implements as to be unfit for use. In the absence of 
any statement on this matter, it is presumed that the rows of plants 
were removed from the plots very early before the root systems had be¬ 
come moderately well established. Otherwise the border effect may have 
been modified considerably by the,growth of the plants before removal 
and later by the pres'ence of the decaying roots in the soil'. ' , 
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It is not within the scope of this paper to discuss in any detail the 
reasons for border effect; but, from the greater effect in the thickness of 
seeding test at Morris in 1918 under comparatively dry conditions both 
on the first and second rows in the plots as compared with the results 
at University Farm, where favorable moisture conditions prevailed, it 
seems reasonable to assume that increased moisture supply with accom¬ 
panying results probably is one of the prominent factors. 

As to the effect of border rows on the interpretation of results, it has 
been shown that (i) where they are not removed the yields of plots are 
higher than where these rows are eliminated before harvest and (2) the 
rank of a variety or of a rate of seeding in relation to the discard point 
derived for the particular test may change on account of the removal of 
border rows. 

If the only effect of border rows lay in increasing yields beyond what 
would be secured in large fields under like conditions, the expense of 
removal of borders would probably not be warranted. However, when 
the interpretation of the results, as has been brought out in Tables VI 
and VH and in the results for the 1917 variety tests (2), is necessarily 
different in some instances when the yields with the border rows is con¬ 
sidered than when they are removed, the matter warrants very careful 
consideration. It is of interest to note in this connection that the re¬ 
moval of the border rows did not necessarily reduce the probable error 
in the tests. 

When border rows are'removed, the question arises as to how many. 
From the 1917 results (2) it seemed desirable to remove two border rows,. 
In the 1918 tests, the effect on the second rows at Morris is very marked 
and in this respect is similar to the results with the varieties at University 
Farm in 1917. At University Farm, the effect on the second rows in the 
variety tests in 191S is less marked than in the same tests in 1917, but 
the effect is shown to extend definitely to the third rows. In the rate of 
seeding test with oats there was practically no effect on the second rows. 

From the data given, unless border effect can be prevented in some 
other way, it appears advisable as a precaution to insure the most reliable 
results to remove at least two 6-inch border rows from either side of grain 
plots bounded by alleys or roadways. 
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PLATE 94 

Border effect shown in the experiment on rate of seeding of oats at Morris in 1918/ 

A. —Oats sov^m at rate of 48 pounds per acre. 

B. —Oats sown at rate of 96 pounds per acre. 

C. —Oats SOTO at rate of 112 pounds per acre, 

(500) 
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RELATION OF HORSE NETTLE (SOLANUM CAROLIN- 
ENSE) TO LEAFSPOT OF TOMATO (SEPTORIA LYCO- 
PERSICI) 

By Freb J. Pritchard, Physiologist, and W. S. Porte, Scie?iiif*-c Assistantr O^ce cf 
Cotton, Truck, and Forage Crop Disease Iiivestigaiions, Bureati of Plant Indusiry, 
United States Deparimeni of Agriculture 

INTRODUCTION 

Horse nettle (Sokrmmi carolinense L.)j ^ weed closely related to 
potato and tomato and generally distributed in fields and waste places 
from Ontario to Massachusetts, Florida, Illinois, Nebraska, and Texas, 
has been found to be a host of the tomato leafspot, or blight, fungus. 

In Mar3dand, New Jersey, and Delaware, where tomato leafspot 
causes heavy annual losses, horse nettle (PI. 95, 96) is very common in 
waste places, in grass and grain fields, and even in cultivated crops. Its 
numbers in fields of tomatoes in the Middle Atlantic States, especially 
in Delaware, not infrequently exceed those of the tomato plants 5 to 20 
times. Moreover, it bears numerous spots (PL 97, A) which in size, 
shape, color, and other appearances closely resemble leafspot of tomato 
(PL 98, A). Observations of these facts caused the w^riters to determine 
whether or not horse nettle is a host of the tomato leafspot fungus. 

EXPERIMENTAL WORK 
MATERIAL AND METHODS 

Young tomato and horse nettle plants were grown from seed in the 
greenhouse and used for inoculation when i to 5 inches high. Consider¬ 
able difficulty was at first encountered in germinating, the horse' nettle ^ 
seed, „but this was finally overcome by setting the seed pots directly on ’ 
the.steam pipes. Both' the tomato and horse nettle seedlings were' in a 
tiiiifty condition when inoculated. Control plants were used in approx!- ' 
mately as large numbers as inoculated plants in each experiment., 

The inoculations were made by spraying the plants'with spores from, y' 
a^pure culture by means of either a DeVilbiss'atomizer or'a^ small spraj?*',' 
pump, or by transfen'ing minute pieces of mycelium .from a. rapidly ; 
growing culture to leaves moistened' ■ with 'distilled ' water. Both' ^ the' 
inoculated plants and the controls .were kept in a. moist chamber 48- to 60 
hours and then transferred to benches in the greenhouse. 

INOCULATION OF HORSE NETTLE PLANTS WITH SEPTORIA LYCOPERSICI, 

FROM TOMATO 

In'the fall of 1919 nbout 25^ horse nettle plants transferred from’,the ^ 
field to the greenhouse and inoculated with a pure culture of Sepiorm 
JFcopersici Speg. obtained from tomato became Infected 'with nuni'erouS', 
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spots resembling leafspot of tomato, while an equal number of horse nettle 
plants not moculated but kept in the same environment as the inocu¬ 
lated plants remained healthy. During the nnnter of 1919-20 more than 
500 horse nettle seedlings i to 5 inches high were inoculated with this 
inngus, and as many more were used as controls. The leaves of about 
90 per cent of the inoculated plants became infected, but not one of the 
control plants showed any S3n2iptoms of the disease. 

The culture used in making these inoculations was isolated from a 
Septoria spot on a tomato leaf and had been used to infect several 
thousand tomato seedlings. In morphology, in growth on standard 
culture media, and in development on tomato leaves it was typical for 
Septoria lycopersici. 

The horse nettle leafspots (PL 99, A) when small were usually some¬ 
what circular in outline and brown in color, but when older they became 
more irregular in outline, light-colored in the center and dark at the 
margins. There is a larger percentage of circular spots in Plate 99, A 
(artificially infected leaves) than in Plate 97, A (naturally infected 
leaves); but this is due largely, if not wholly, to the fact that the spots 
in Plate 99, A, are younger than those in Plate 97,' A. ' The larger spots 
in both plates are more or less irregular in outline. In fact, the shape 
of the spots on tomato leaves (PL 98, A) varies from a circular form 
when small to a more or less irregular outline when large. 

The horse nettle seedlings were not quite so susceptible to the leafspot 
fungus (Septoria lycopersici) as tomato seedlings. They showed more 
individual variation in resistance but became infected readily and became 
fairly thickly covered with spots (PL 99, A). 

The spots on the horse nettle leaves infected in the greenhouse dif¬ 
fered somewhat from those on the tomato leaves in pycnidia production. 
Pycnidia appeared on nearly all the spots on tomato leaves but only 
on a relatively small percentage of the spots on horse nettle leaves. 
They were usually numerous on this small percentage of horse nettle 
spots but were more deeply imbedded than on tomato leaves and were 
not always easily seen without the aid of a hand lens. The appearance 
of both the spots and pycnidia on tomato and horse nettle leaves may 
be seen in Plates 97, B; 98, B; 99, B, C. 

The pycnidia on the horse nettle leaves produced innumerable spores 
which where indistinguishable from those taken from tomato leaves. 
Both the pycnidia and spores in mass are shown in a section of horse 
nettle leaf in Plate 99, B, G. Many of the pycnidia were even more 
deeply imbedded than the pycnidium shown in Plate 99, B, which in 
surface view was not very conspicuous to the unaided eye. 

Since pycnidia of Septoria lycopersici developed rather sparingly on 
horse nettle leaves in the greeiihouse, 222 horse nettle plants inoculated 
with a culture of Sr lycopersici obtained from tomato were planted 
outdoors where the air was'supposedly drier;, but only a few scattered, 
pycnidia developed nn these plants until nearly the end of the growing 
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season, Tliey were tlien found chiefly in small, dark brown spots lying 
in large dead areas near the tips and edges of the leaves. As pycnidia 
did not appear on tomato leaves in the held until very late in the fali, 
it is quite possible that the very wet weather during August hindered 
their development on both tomato and horse nettle. In fact it has been 
repeatedly noted while working wdth this fungus, both in the greenhouse 
and in the field, that the development of pycnidia on tomato plants is 
favored by dry air and hindered by moist air. This variability In sporu- 
lation occurs also on culture media. The drier areas in com meal cul¬ 
tures of S. lycopersici develop pycnidia readily, while those that are 
moist produce them only after the medium becomes somewhat dry or 
not at all. 

INOCUnATlON OF TOMATO AND HORSE NETTLE SEEDLINGS WITH SEP- 

toria lycopersici reisolatbb from horse nettle leaves 

Thirty j^'oung tomato plants and 14 young horse nettle plants 3 to 6 
inches tall ivere inoculated spraying their leaves with spores of a 
culture of Septoria lycopersici reisolated from horse nettle. Twenty 
uninoculated tomato plants -were sprayed with distilled water and used 
as controls. . Both the inoculated plants and the control plants were 
kept in a moist chamber 60 hours. 

All the tomato and horse nettle plants became heavily infected, but 
none of the controls developed any symptoms of the disease. Pycnidia 
developed on the spots, but they were much more common and more 
conspicuous on the tomato than on the horse nettle. The spores, which 
developed in profusion, were identical in shape and size with, those pro¬ 
duced by the original culture obtained from tomato. 

septoria on naturally infected horse nettle 

Spots resembling leafspot of tomato began to appear on horse nettle 
leaves at the Arlington Experimental Farm and in fields and gardens in 
the vicinity of Washington about the middle of August but bore very 
few if any pycnidia before the middle of September. This was approxi¬ 
mately coincident with the appearance of pycnidia of' Septoria lycopersici 
on tomato leaves. 

The pycnidia found on naturally infected horse nettle leaves after the 
middle of September were rather numerous,but appeared,onnnly about 
I per cent of the spots. They contained innumerable spores th'at were 
indistinguishable morphologically from those of the tomato leafspot fun¬ 
gus, Septoria lycopersici. Dead areas near the, tips and margins of the 
leaves seemed to aflord the most favorable conditions for their develop¬ 
ment, for they were found most frequently within these areas. 

Several attempts were made to isolate a pure culture of the Septoria 
from naturally infected horse nettle leaves by use of the spores, but in 
each case the spores failed to germinate.' ■ The,writers w'ere not surprised 
at these results, however, as it often requires repeated efforts' to isolate 
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a ciiiture of Septaria lycopcrsioi from tomato leaves even when spores are 
used. Moreover, it is still more difficult to isolate Septoria from mintite 
pieces of infected tissue, such as may be obtained from spots on tomato 
leaves, because these infected tissues are nearh^ always invaded by other 
organisms, and a treatment that vdll kill these accompanying organisms 
will kill Septoria. As Septoria grows very slowly in culture other organ-” 
isms, if present, soon prevent its development by growing over the sur¬ 
face of the culture medium. It is very likely that Septoria could have 
been isolated from these naturally infected horse nettle leaves about as 
easily as from tomato leaves, however, had not a frost defoliated the 
plants when the plating of the spores was started and made it almost 
impossible to find more spore-bearing material. 

ISOLATION on ORGANISMS OTHn-R THAN SEPTORIA PROM LEATSPOT OE 

HORSE NETTLE 

« looking for pycnidia of Septoria on naturally infected horse net¬ 

tle leaves, the miters obsem-ed a Phoma, an Altemaria, and two species 
of Cladosporium fruiting on the surface of the dead spots. One Clado- 
sporium resembled Cladosporium julvtmi Cke.'in the shape of its spores 
and in the production of a purple color on both commeal and oatmeal 
agar but differed from it in the production of smaller spores. 

The pathogenicity of each of these fungi was tested in four to five 
series of experiments by inoculating with a pure culture thrift}^ young 
tomato and horse nettle seedlings and keeping them in a moist chamber 
48 to 60 hours after inoculation. No spots resembling those occurring 
naturally on horse nettle or those produced by spraying horse nettle or 
tomato plants with spores of Septoria lycopersici developed on any of 
these plants. Seven out of 100 tomato plants inoculated with the Alter- 
naria developed an infection spot, but it was an elongated area following 
the veins and was found also on a few uninoculated plants of the same 
age on the greenhouse benches. Moreover, it did not appear on horse 
nettle. It would therefore seem that the four fungi isolated from horse 
nettle leafspots were merely saprophytes. 

DISCUSSION 

Septoria lycopersici is a very active parasite. It readily infects all 
the varieties of tomatoes growrn in the United States and all varieties, 
both wild and cultivated, that the writers have been able to obtain 
through the Office of Seed and Plant Introduction. It infects very 
easily Cyphm^mndra heiacea Sendt., the tree tomato, and a species of 
Solamum from Ecuador, Solanum mammosum L.' On this Solaiium it also 
produces numerous pycnidia and spores. It is not surprising, there¬ 
fore, that' it 'infects Solanum carolmense. 

Since Septoria lycopersici in pure culture infected horse nettle seed¬ 
lings'readily'and developed pycnidia and spores hoth in the'greenhouse 
and outdoors,,it is,appar'ently:able to maintain,itself on this’,host',The 
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Septoria pycnidia found on natttraily infected horse nettle were prob¬ 
ably also those of *S. lycopersici, since they were similar to them in size^ 
fornij and spore contents and developed on approximately the same per¬ 
centage of spots as the pjrcnidia on the artificially infected horse nettle 
plants. 

It is ver}?^ likely that in the Middle Atlantic States most if not all the 
horse nettle leafspots resembling tomato leafspot are caused by Septoria 
lycospersicL The fact that 5 . lycopersici infects horse nettle easily 
and produces spots, pycnidia, and spores that can not be distinguished 
morphologically from those occurring on horse nettle in the field would 
tend to support this conclusion. Moreover, it would also seem to be 
strengthened by^ the failure of the other organisms isolated from these 
spots to reproduce the leafspot disease. 

The results of the inoculations with a pure culture of Septoria lyco- 
persici show that horse nettle is a very susceptible host for this parasite- 
It should therefore be kept out of prospective tomato fields to prevent 
its harboring the tomato leafspot fungus and thereby largely destroying 
the benefits that would otherwise be secured from rotation of crops. 
For the same reason it should be destroyed in fence rows, roadsides, and 
other waste places near tomato fields 

SUMIMARY 

Horse nettle, a weed common in fields and waste places in the eastern 
half of the United States, usually bears in the Middle Atlantic States 
numerous spots on its leaves resembling leafspot of tomato. Inocula¬ 
tion of more than 500 horse nettle seedlings wiih a pure culture of the 
tomato leafspot fungus, Septoria lycopersici^ caused infection of about 
90 per cent of the plants, while an equal number of controls remained 
free from the disease. The spots closely resembled those occurring 
naturally on tomato and horse nettle. 

Pycnidia developed rather freely on about i per cent of the spots on 
the inoculated horse nettle plants both in the greenhouse and outdoors. 
The pycnidia and spores were indistinguishable from those, of Septorm 
lycopersici on tomato. 

A culture of Septoria reisolated from the artificially infected horse 
nettle plants produced on both horse nettle and tomato leaves spots, 
pycnidia, and spores typical for Septoria lycopersici. 

Pycnidia and spores of a Septoria identical in appearance with Septoria 
lycopersici were found on naturally infected horse nettle leaves late in 
the fall. 

A Phoma, an Altemaria, and tw’O species of Cladosporimn were found 
fruiting on horse nettle leafspots, but repeated efforts to reproduce 
the spots with pure cultures of these fungi ended in failure. It is therefore 
likely that in the Middle Atlantic States most, if not all, these spots 
resembling leafspot of tomato are due to Septoria lycopersici. 



PLATE 95 

A. —^Horse nettle plant growing in a field of tomatoes. 

B. —^Horse nettle plants growing on the bank of a drainage ditch. 

(So6) 
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PLATE 96 

A. —Flowers of a Lorseriiettk plant. Note their similarity to the flowers of potato 
and tomato. Some horse nettle plants have white flowers and others Mtie. X 2 / 3 - 

B, —Fruit, or seed balls, of a horse-nettle plant. Note their resemblance to the seed 
balls of potato. X 2/3, 

48495®--21-7 



PLATE 97 

A*—Leafspot of horse nettle. Natural infection. Slightly reduced. 

B.-—Leafspot of horse nettle produced by inoculation with a pure culture of Sepioria 
iycapmici from tomato. ' Enlarged to ^ow pycnidia, which are partially embedded 
in the tissues of the spots, X 3* 
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PLATE 98 

Leafspot of tomato {Septoria lycopersici): 

A. —Slightly reduced. 

B, —Enlarged to show pycnidia, X sX* 



PLATE 99 

A.—Leafspot of horse nettle produced by inoculation with a pure culture of Septofia 
lycGperstci from a tomato leaf. Photographed two weeks after inoculation. Natural 
size. 

By C.—Sections of horse nettle leaf showing pycnidia and spores in mass, produced 
by inoculating plants with a pure culture of S. lycopersici from tomato. 
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RELATION OF HARDNESS AND OTHER FACTORS TO 
PROTEIN CONTENT OF WHEAT 

HERBB3RT F. Roberts 

Unhersity of M<t^mUba {formerly of the Kansas Agricmhiml Experiment Siaiion) 

It is well knopra that hard spring and hard winter wheats are higher 
in protein content than the soft wheats. Since the former are tmiformly 
higher in protein content, it has been assumed that the factors for hard¬ 
ness and protein content are correlated. 

As early as 1904 Harper and Peters (2)^ made the following observa¬ 
tion regarding wheats used in their experiments: 

The dark flinty kernels are distinctly harder than the light starchy ones and con¬ 
tain more protein. 

Snyder (7) reported the analyses for protein of 63 different vatieti^ 
of wheat, in which each variety was divided into tw^o samples, one 
coiitainiiig only ligM-colored (starch3^) and the other only dark-colored 
(flinty) grains. ^ No hardness test was made directly. The dark kernels 
were found to contain 15.13 per cent protein as compared ivith 12.76 
per cent for'the light-colored kernels. This is a difference of 2.37 per 
cent in favor of the former.' 

In ^ another test (8) six different samples of wheat were divided into 
starchy "and flinty kernels and analyzed for protein. The flinty kemds 
contained 14.04 per cent of protein and the starchy kernels 12*12 'p« ' 
cent. In another lot of 12 varieties the starchy kernels contained on,' 
the average 12.S6 per cent pfotein and the flinty kernels 14,91 peT'Oenb 
Averaging all of Snyder's results, there is a difference of 2.11 per cent' 
in favor of the flinty kernels. 

, Snyder {8) also, reported the analyses of starchy and ffinty kernels 
of other grains. In all cases the flinty kernels cont'ained the most pro¬ 
tein, the difference being 0.82 per cent for com,, 0.75 per cent for rye, 
and 0.49 per cent for oats. 

Shepard .(d), of the South Dakota Agricultural ,Experimeiit Station, 
reported a protein content of 15.6 per cent for durum .wheat and 13.68 
per cent for common wheat. 

1 Reference is made by ntimber (italic) to niteratuie cited.”' p. 5a 1-523- 
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Because of tlie assumed correlation between bardness and protein 
content, tlie commercial grading of wheat and the improvement of 
wheat by selection is based to a considerable extent on the hardness 
of the grain. The investigations reported in this paper had reference 
to improvement in the quality of wheat by selection. Since the pro¬ 
tein content of the grain is one of the chief factors that determine 
quality, the question which formed the central object of this investi¬ 
gation was whether a method of selecting for protein content could be 
detdsed that would not involve the necessity of making chemical analy¬ 
ses at first, where hundreds of strains or races of wheat are being tested. 

It is evident that, if hardness and protein content are genetically 
interdependent, this fact can be proved by means of the coefficient of 
correlation. It would not be possible, of course, to demonstrate the 
linkage of factors for an}’’ individual case. Likewise a parallel association 
of hardness and protein content might exist viithout any genetic relation¬ 
ship, so that a positive coefficient would not of itself prove such a 
relationship but would simply suggest the possibility of its presence. 
On the other hand, a negative coefficient would preclude such a 
supposition. 

For the purpose of the investigation, 94 pure strains of wheat, each 
the product of a single head, were chosen, and the correlation coefficient 
between hardness and the protein content was calculated. Hardness 
was expressed in terms of the crashing point. The method of determining 
the crushing point has been described elsewhere (j). 

For this determination 500 grains were used, it having been determined 
that this number gives accurate results. The analyses for protein were 
made by the department of chemistry of the Kansas Agricultural Experi¬ 
ment Station. The crashing points and percentages of protein are given 
in Table I 


Tabi^S I .—CrmMng points and protein content of pure strains of KansaS’-grown 

wheat 


Serial No. 

Variety. 

Cnishin,g 

poiat. 

Protein 

content* 

909 

812 

Fuchs, ... . . 

Om 

Per cmt 

TT S'? 

GriecMscher Sommer von Volo ... ^ 

4,260 ; 

S,oiS 


89s 

839 

639 

98O' 

'S9X 

B64 

865 

943 

871 ; 

it43 

Toiizelle ... ! 


Fenton . . . . 

IX. 48 
ir. 68 

Blanc A duvet velout^.'... 

S.407 
5,702 
6,009 

North Allerton. . .. .. . 

Duroselle ... 

xo. 24 
10. 60 


. do ....... 

O^y 

6,319 

1 6,328 

1 6,340 

6,401 
6,410 

Xji. 

10. 96 
1.36 
10. 97 
C3. 20 
10. 68 
10. 72 
10.48 

Bastard. .. 

'Urtoba. ...... ' . 

Turkey . 

U. S, Cereal Investigation No. 1656 ..... 

; Japanese Velvet Chaff. ... 


, 8S6 

Japhet......... 

6, S16 
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TablB I .—Crushing points and protein content of p4 pure strains of Kansas-grou)n 

wheat —Continuea 


I 

Serial Mo. j 


7S1 
890 [ 
859 j 


915 


852 


S87 
1107 
Soi 
802 I 

724! 

11621 


972 

854 

1^59 

764 

1000 

1115 


77S 

694 


1149 


842 


191 

860 


1157 

882 


977 

973 


837 

761 

762 

893 


1372-5 

773 

725 

754 

927 

711 

772 

800 

1116 

1081 


1064 

86x 


735 


813 

1105 

109 S 

732 

707 

929 

1119 

706 


734 

1150 

150 

1128 


752 

1103 

940 


Variety. 


An Australian hybrid. 

Duroselle. 

Banal. 

Paine *s Defiance. 

Shirreff's Square Head. 

Japhet.r. 

Elharkof. 

An Australian hybrid. 

.do. 

Kubanka. 

U. S. Cereal Investigation No. 17S7. 

Talavera. 

ShirrefDs Square Head.* 

Turkey. 

Crimean (U. S. Cereal Investigation No. 1433). 

Hickling. 

Turkey. 

An Australian hybrid. 

U. S. Cereal Investigation No. 1665. 

Japanese Square Head. 

Fenton... 

An Australian hybrid. 

Banat. 

Turkey. 

.do... 

Japhet.. 

Spalding’s Prolific. 

Talavera. 

Tagenrog. 

Crimean (U. S. Cereal Investigation No. 1435) 

.do. 

Duroselle. 

j Spelt. 

An Australian hybrid. 

Kubanka. 

Beloglina. 

California March.^..... 

U. S. Cereal Investigation No. 1654. 

An Australian hybrid. 

.do. 

Turkey. 

.....do. 

Macaroni. 

Aeg3q)tisch€r.. 


Griechischer Sommer von Volo 
Banat. 


Red Winter.. 

California March 

Bacska. 

Red Winter. 


Turkey. 

Beloglina— ■. 

Crimean,. .... 

Beloglina. 

Diehl’s Mediterranean 
Bastard...... 


Crushing ' 
point. ! 

j 

Protein 

coatentt 

Gm. ! 

Per cent 

6,523 i 

12. 28 

6 , 5 SS 1 

11. 28 

6,662 ; 

12. 48 

6,674 ! 

11. 68 

6,712 1 

10. 21 

6, 724 i 

10. 56 

6, S94 1 

12.36 

6,947 1 

12. 65 

6 , 950 i 

12.32 

7, 086 1 

10. 24 

7,266 1 

12.88 

714961 

II. 36 

7 > 578 1 

12. 00 

"1633 j 

12- 00 

7< 657 I 

II. 72 

7 > 8-5 ) 

10. 96 

8,021 ■ 

12. 36 

8,064 

13.88 

8,084 ' 

12. 28 

8, 295 

II. 64 

8,350 

12. 62 

8, 504 

12. 26 

8 , 545 

12. 16 

8,719 

22. 12 

8,8S4 

12. 00 

9,078 s 

12. 80 

97215 

21. 20 

9, 225 

12. 62 

9 j 234 

II. 12 

9, 242 

II. 36 

97 39 ^ 

II. 60 

97 395 

10. 60 

9,484 

II. 84 

97 535 

II. 80 

9, 617 

11.64 

9, 682 

1 I'0,92 

9 j 756 

12. 08 

9 . 82 s 

II. 08 

9 > 9 S 6 

II. 72 

9,961 

12. 60 

10, 010 

II. 52 

10,016 

12. 52 

10, 076 

II. 76 

10, 162 

12. 08 

10, 176 

II. 36 

10, iSS 

12. 73 

10,251 

II. 92 

10, 458 ' 


10, 522 

II. 30 

10, 546 

II. 32 

10, 592 

II. 65 

10, 594 

10. 94 

10,645 

10. % 

10, 765 

11.36 

10, 776 

12. 00 

10, 899 

II. 67 

'10, 855 

10.84 

xo, 972 

13.04 

II, 017 

10. 60 

11,309 

• II. 42 
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Table I .—Crushing points and protein content of ^4 pure strains of Kansas-grown 

wheat —Continued. 


Serial Xo. 


1074 

675 

1073 

676 
I 0 S 2 ~I 

1110 

774 

1018 

1111 

936 

1106 

1036 

S89 

1161 

xoSo 

1066 

X112 


Variety, 

Crush ing 
point. 

Protein 

content. 

Ghirka. 

Gm . 

11,323 

Tl. 728 

Pm cenL 
11.40 

T T. OA 

JoTiPS EifeiX^^^d Winter . 

"Rjeri Winter ... 

TI. AlS i I'2. 2C 

Turkey. 

11,444 
11,489 
11,554 
II, 567 
II, 702 

II. 80 

"Rart Gross-komis^er . 

II. 92 

"Red Winter . 

II. 42 

Turkey*.. 

12. 48 
11.80 

^ .do .. 

An Atistraliaii hybrid. 

11,712 

II, 877 

11, 912 

12, 429 
11,994 
12,442 
12,487 
^2, 753 

1 3:2,873 

12,905 
12,946 

11.83 

12. 00 

hlareuil. 

Turkey. 

12. 00 

Bucanera. 

10. 60 

Banal .. .- . . 

II -35 
10.76 

11.36 

II. 60 

Roinanclla . .^ 

Red Sumiiier Bmitier . . 

U S. Cereal Investigation No. 1787. 

XJ S. Cereal Investigation No. 1543... 

13.20 
i 12. 76 

1 11.56 

Macaroni . .i 

Ttirkev. 

Average . 

i 

9^x15 

i 

11.73 


The correlation between hardness (subject) and protein (relative) is 
shot\Ti in Table II. , Table III summarizes the chief constants connected 
with the calculations. 

It is apparent that the correlation between hardness and protein is 
practically zero. Since this is contrary to common opinion, data from 



used at the California Agricuittixal Experiment Station for determiaisig the hardness 
of grain (.;?). 

the California Agricultural Experiment Station and from the Kentucky 
Agricultural Experiment Station—^the only existing data aside from those 
obtained in the present investigations—^were examined. 

;'The'method used,at the California' Agricultural Experiment Station 
^ testing the hardness of wheat is that devised and described by Shaw 
^d:Gauiimit2^' (4)7 The apparatus consists simply of a pair of ordinary 
piers, one^arm of which is stapled to a wooden block (fig. i).' 



























Tabi,B II. —CorrelaUon between hardness of grain {stihject) mid protein content {relative) in g4 pnre strains of Kansas-grown ivheafs^ 


j«iy 15,1923: Relation of Hardiness to Protein Content of Wheat 511 































Joiirnal of Agricultural Research 


Vol.XXI.No.S 


512 


Table III.— crushing points and protein content of g4 ptire strains of 

Kansas-grown wheat 


j ‘Mean.. 

Standard deviation. 

Correlation. 

Crashing 
i pDiut. 

Protein 

content. 

Crushing: 

point. 

Protein 

content. 

Coefficient (r). 

G?n. 

: :i:i 54*4 

Per cent. 

II- 73 
±0.0015 

Gtn. 

2,219. 38 
±109. 17 

Per cent. 

' 0. 83iS 
±0. 0409 

0. 0214 
±0, 003 


Tile wheat grain is placed between the jaws of the pliers, and weights 
sufScient to cut the kernel in two are suspended from the extremity of 
the upper, or fore arm, of the pliers. The writers (4) state: 

A number of more complicated arrangements were tried, but none seemed to give 
more urdfonn results than this simple contrivance. . . . The test was made by 

counting out 500 kernels, which were crushed by opening the jaws of the pliers just 
wide enough to insert the grain between them and then allowing the weight to settle 
gently. The grains remaining unbroken by each w’eight were set aside and counted. 
. . . Five different weights were employed, viz, 0.75, i.oo, 1.25, 1.50, and 1.75 
pomids. 

The breaking point determined in this manner is necessarily very dif¬ 
ferent from the crushing point, as determined in the writer^s experiment. 
This will be apparent by reference to the differences in the methods as 
described above. In order to correlate the breaking weights and protein 
content, the former were reduced to grams and the number of broken 
grains—^that is, 100 less the number remaining unbroken—in each case 
were grouped under the separate weights. Then the sum of the products 
of this number—^that is, the number of grains breaking under each 
separate weight—^m'ultiplied by the breaking weight and divided by the 
total number of grains crushed, gives an average breaking point in grams 
that rests upon a common basis with the writer’s experiments, except 
for tlie differences due to the machine and the method used. The 
results, expressed as the mean breaking point in grams, are given in 
Table IT. The protein content is also given for comparison. 

Table IV .—Relation of mean breaking point to protein content of California-grown 

wheats 

WASHINGTON BLUESTEM 


Eaboratory No. 

Number of grains broken by weight of- 

- 

Mean 

breaking 

point. 

• 

Average 

3 so. 2 gm. 

453.6 gm. 

5^7 gm. 

6S0.4 gm. 

793-S gm. 

protein 

content. 

4 . 

0 

53 

80 

0 

0 ; 

Gm. 

461 

Per cent. 
8.98 

206, 

1' 5 

23 

46 

0 

0 

517 

8.85 

16.. 

0 

57 

7 ^ 

0 

0 

517 i 

10.94 

5 -... i 

0 ^ 


7S 

0 

0 

.519 i 

13-71 


0, 

46 

83 

0 

0 

527 1 

10.91 

,9...-... 

,0 ‘ 

17 , 


0 

0 

539 1 

9.05 


O' 

13 

69 

0 

0 

549 j 

1 12.79 

I'Ca., . 

'1 „ , 3:3 

29, 

44 

70 

7 

585 ! 

8,76 












July 15,1921 


Relation of Hardiness to Protein Content of Wheat 513 


TabIvE IV .—Relation of mean breaking point to protein content of Calif orma-grown 

wheats--~^iithiued 


washingtom bluestem— continued 


Laboratory No. 

Number of graii^ broken by weight of- 

- 

Mean f 
breaking 
point. 

1 

Average 

protien 

conteait. 

350.2 gm. I 

453.6 gm. 

567 gm. 

680.4 gm. 1 

793.8 gm. 







! Gm. ] 

Per cent. 

24. .. 

7 

^2 

SO 

80 ! 

0 

S89 j 

II. SX 

25. 

I 

46 

68 

92 1 

! 0 

591 i 

13.87 

I 7 ---*. 

0 

28 

52 

83 1 

: 0 

60s i 

II. gx 

3S6...... 

I 

23 

i 57 

88 

0 

609 1 

9 * 53 

iSa. 

0 

II 

1 34 

64 i 

0 

622 

9.27 

205. 

28 

37 

49 

81 j 

' 93 

^37 

1 ,7.18 

. 

I 

9 

; 32 

82 1 

! ® 

642 

S -95 

267. 

S 

26 

63 

88 i 

j 94 

666 

7*36 

152...... 

6 

16 

36 

60 ' 

95 

686 

10.36 

272. 

0 

14 

37 

SO ^ 

78 ' 

689 

7-25 

299 . 

6 

9 

35 

76 

89 

690 

S.oS 

268. 1 

0 

12 

46 

84 

9S 

694 

7.29 

121. ' 

0 

S 

19 

47 

S7 

722 ^ 

9.01 

472 -. . 

0 

I 

21 

40 

S5 

728 

12.26 

303. 

0 

0 

16 

42 

75 

73 ^ ^ 

9 - 3 ^ 

606. 

I ' 

2 i 

6 

6 

40 

736 

10.30 

64. 

0 

0 

4 

18 

41 

747 

10.'14 

II8. 

0 

0 

0 

2S 

58 

j 990 

10.68 

Average.. 

7 





1 

1. 

! 63S 

9-93 








AUSTRALIAN 


78 . 

0 

5 

42 

89 1 

0 

156 

11,09 

309 . 

5 

8 

20 

37 ' 

81 

271 

9-83 

62. 

0 

19 

53 

So : 

0 

290 

11.43 

288. 

0 

4 

14 

44 : 

73 

294 

9-63 

23 . 

61 

39 

II 


0 

40S 

12.06 

3:41. 

5 

SO 

74 

0 ! 

0 

5^4 

9.90 

U8 . 

8 

50 

77 

0 

0 

512 

10.86 

^34 . 

5 

46 

77 

0 

0 

SiS 

9.90 

3^0 . 

0 

34 

82 

0 

0 

533 

8.25 

184. 

3 

20 

78 

0 

0 

S38 

11*07 

3^9 . 

0 

16 

57 

0 

0 

542 

8-SS 

66.. 

0 

0 

7 

25 

72 

560 

9.86 

129... 

0 

3:7 

50 

93 

0 

621 

9.18 

127. 

0 

9 

63 

96 

0 

625 

8.27 

322. 

0 

0 

7 

69 

0 

670 

8.54 

275. 

2 

21 

55 

87 

94 

676 

12.56 

77 . 

0 

S 

42 

89 

0 

637 

10. S3 

452. 

0 

I i 

16 

23 


688 

9.43 

326.. 

,4 

13 

28 

76 

1 86 

: 692 j 

10.48 

232. 

1 5 

14 1 

23 

72 

i 97 

697 1 

6.92 

311.......- 

0 

2 i 

9 

66 

1 0 ^ 

700 1 

S.36 

69.1 

0 

5 

39 

78 

! 90 

1 702 i 

13.36 

231.’ 

0 

10 

12 

40 

57 

1 7041 

7,72 

67.: 

0 

2 

12 

39 

46 

7^5 i 

: II.41 

453 . 

0 

3 

3^5 

19 ■ 

S 3 I 

721 

1 10.10 

22. .. 

0 

I 

15 

54 

75 

723 

12.32 

28. 

0 

I 

15 

54 

75 

726 

12.33 

26... 

0 

I 

10 

16 

39 

727 

13.42 

33:2. .. 

0 

I 

8 

7S 

88 

73 ^ 

7-97 

73 .. 

0 

0 

10 

39 

76 

740 

9*^3 

68. 

0 

0 

10 

44 

84 

741 

11.02 

605... 

0 

0 

0 

10 

47 

773 

10. S3 

Average. 






59S 

12.32 
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TaBLS IV.—Relation of mean breaking point to protein content oj California-grom 

wheaU —Continued 

LITTLE CLUB 


Laboratory No. 

Nuxaber of grains broken by weight of- 

- 

Mean 

breakmg 

point. 

Average 

protein 

content. 

350.2 gm. 

453.6 gm. 

56S gm. 

6S0.4 gm. 

793.8 gm. 







Gm. 

Per cent. 

50a.... 

77 

0 

0 

0 

0 

350 

8. 97 

S2:a. 

53 

79 

91 

0 

0 

475 

8. 40 

51a . 

53 

79 

91 

0 

0 

475 

9. 21 

317. 

5 

63 

82 

0 

0 

512 

8. IS 

II . 

0 

57 

69 

0 

0 

516 

lu 35 

8 . 

0 

37 

61 

0 

0 

524 

7 - 83 

277. 

0 

40 

n 

0 

0 

526 

9. OS 

144 . 

I 

34 

79 

0 

0 

531 

8. 58 

49 . 

46 

54 

86 

92 

0 

554 

9. 19 

21 . . 

6 

6$ 

73 

75 

0 

566 

13* 39 

3®5 .. 

22 

34 

59 

80 

0 

569 

8. 61 

U 3 . 

2 

38 

70 

98 

0 

S 97 

9 - 03 

3^5 . 

3 

30 

88 

98 

0 

S 99 

8 . 18 

^39 . 

5 

24 

66 

94 

0 

603 . 

9. 26 

290. 

0 

23 

52 

75 

0 

606 ^ 

10. 39 

55 . 

4 

18 

59 

87 

0 

608 

8.46 

130 . 

0 

20 

55 

90 

0 

1 

9. oS 

124 . 

2 

19 

45 

90 

0 

616 1 

9. 08 

128. 

0 

16 

64 

93 

0 

617 

8. 18 

28a . 

6 

17 

48 

87 

0 

622 

9. 02 

60 . 

28 

57 

76 

90 

97 

624 ^ 

8. 77 

6. 

0 

8 

33 

87 

0 

681 

13.43 

56 . 

I 

12 ; 

53 

83 

95 

687 

10. 13 

57 . 

I 

ts 

46 

75 

95 

688 

S. 41 

161.. . 

0 

8 

43 

So 

94 

69S 

8. oS 

53 .. 

0 

7 

42 

! 77 

93 

700 

8. 76 

59 . 

0 

8 

36 

: 71 

96 

704 

8. 34 

27 . 

2 

8 

28 

i 29 

93 

711 

^ 3 - 53 

80..... 

0 

4 

36 

; 70 

97 

718 

10. 38 

58 . 

0 

3 

37 

i 77 

99 

733 

! S. 17 

Average 


1 1 

i 
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9-38 


! r 1 

i 


SONORA 


W***'. 

3 

35 

■ 

76 

0 

0 

526 

10,31 

257**'. 

6 

32 

5S 

83 

0 

S 92 

12. 84 

140.. 

0 

30 

71 

96 

0 

605 

12. 20 

249-.. 

4 

9 

25 

25 

67 

691 

12. 05 

S67 . . . 

2 

8 

29 

6s 

93 

705 

14. 60 

^3 . 

0 

7 

25 

74 

91 

710 

12. 16 

74........... 

0 

3 

13 

45 

75 

727 

II. 84 

76........... 

0 

0 

6 

34 

68 

745 

' 11.38 

245...,.,,.... 

0 

0 

7 

23 

66 

750 

II. 76 

33.. 

0 

4 

13 

27 

48 

775 

12.'88 

481.' 

0 

0 1 

. 0 i 

I 

20 

78S 

10. 01 

' Average ^ 
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TabliE: IV. — Relation of mean breaking point to protein content of California-grown 

wh eats —Contiaued. 

PliOPO 


Laboratory No. 

Xiimber of grains broken by weight o£ — 

Mean 

breaking 

point. 

Average 

protein 

content. 

3 so. 2 gna. 

453.6 gm. 

567 gm, 

. . . 

680,4 gm. 1 793.Sg!3J. 





i 

) 

! 

Gfti. 

Per cent* 

. i 

0 

24 

45 

6c i S3 

\ 631 

: 12. 00 

79 -. i 

0 

6 

48 

86 i 0 

1 631 ! 

II. 90 

47 .1 

0 

S 

22 

66 i 93 

i ""3 

i 11.90 

46. 

i 0 

0 

I 1 

1 47 1 73 

I 734 

: 11. 96 

Average 



; i 

i 677 
! 

II. 94 


1 



The data presented in Table IV are summarized in Table V. The 
constants involved in the calculation of the correlation coefficient are 
given in Table VI, and the correlation in Table VIL 

Table V .—Summary of relaiion of mean breaking point and protein content of 

California-grown wJieat 


Breaking 

point. 

Protein 

content. 

Breaking 

point. 

Protein 

content. 

Breaking 
point. 1 

! 

1 

Protein | 
content. | 

Breaking 

point. 

Protein 

content. 

Gm. 

Per cent. 

Gw. 

Per cent. 

i 

Gw. 1 

Per cent. ! 

Gm. 

Per amt. 

35 <^ 

8.97 

569 

8.61 

637 ! 

10. 53 1 

714 

8. 76 

419 

12. 06 

584 

8.03 

642 

8.95 ^ 

72^5 

II. 41 

461 

8. 98 

58s 

8. 76 

660 

10. 48 

7x8 

10. 38 

475 

8. 40 

589 

II. 51 

666 

7.36 

721 

10. 10 

475 

9. 21 

593: 

13-87 

667 

10.83 

722 

9» 01 

492 

10. 86 

597 

9-03 

675 

9- 96 

726 

9.27 

512 

8.15 

599 

8.18 

677 

7- 79 

726 

13. 21 

5^5 

13. 00 

603 

9. 26 

681 

13-43 

727 

9*77 

516 

II-35 

605 

II. 91 

686 

10. 26 

727 

XO. 15 

517 

8. Ss 

605 

12. II 

687 

10.13 

727 

13.42 

5*7 

10. 94 

606 

lo- 39 

688 

8. 41 

728 

12. 26 

5*9 1 

13. 71 

60S 

8. 46 

689 

7-15 ' 

731 

7* 97 

524 

7. 83 

609 

9* 53 

690 

B. 08 

73^ 

9*33: 

526 

7. So 

613 

II. 43 

691 

9- 33 

731 

9*43. 

526 

9* <25 

615 

9. 08 

694 

7.29 

733 

k 17 

527 

10. 91 

616 

9. 08 

698 

k 08 

734 

10,50 

S31 

8. 58 

617 

8. iS 

698 

9*54 

736, 

10.30 

534 

8.25 

622 

9.02 

700 

8.76 

740 

9-83 

S3S 

II. 07 

622 

9.27 

702 

13. 36 

1 74X 

II, 02 

539 

9- 05 

624 

8. 77 

703 

9.38 

i 747 

10.14 

542 

8-55 

62s 

9.18 

704 

8, 34 

i 7Sc» 

8, S3 

549 

9. 90 

,626 

8. 27 

710 

14.60 

768 

8.36 

549 

12. 79 

628 

II. 07 

710 

15. 80 

779 

1 S. 34 

554 

9. 19 

632 

II. 76 

711 

7* 72 

788- 

! 10, 01 

560 

9. oS 

636 

; 6. 92 

711 

^3* 53 

7S8 

1 9-63 

566 

13- 39 

637 

1 7. 18 

1 

1 713 

1 

8. 76 

990 

; 10. 68 

! 

1 
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Table Yl,-~"Consianis involved in the calciilaiioii of correlation coefficient of mean 
breaking point and protein content of California wheats 


! ilean. 

Standard deviation. 

Correlation 
coefficient (r). 

! Crushing point. 

Protein con¬ 
tent. 

Crushing point. 

Protein con¬ 
tent. 


Per cent. 

Gm. 

Pet cmt. 


631 

9.89 

89. 90 

1. 8058 

0 . OIII 


±0. 1194 

±4* 1853 

±0. 0841 

io. 061 

! 


Tlie results corroborate the Kansas data, with a correlation coefficient 
of practically zero, and a probable error larger than the correlation 
coefficient. 

In the Kentucky experiments, conducted by Harper and Peters (2 ), the 
hardness of the kernels was determined by means of a piston with a 



Fig, used at the XCeatuckj’' Agricultural Experiment Station for testing the hardness of 

wheat, designed by J. N. Harper (2). 

cutting edge, which is pressed doTO upon the kernel by means of weights 
added directly from above (fig. 2). The kernel is cut in two and is not 
crushed. 

The opinion of the Kentucky investigators regarding the apparatus 
used is as follows: 

This device for testing the hardness of wheats appears to ns to be superior to those 
'that measure the pressure required to crash a kernel. 

The data obtained are presented in Table VIII. 








VII .—Correlaiimt hehveeM hardness of grain {subject) and protein content {relative) in 103 varieties of California-grown wheat 
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Table Ylll.—Protein content and hardness of Kentucky wheats 


Variety. 


Number of kernels in 
TOO, cut under a pres¬ 
sure of 4 pounds 
Protein (i.SrSgna.). 
content. _ 


Flinty Starchy 

grains. grains. 


Per ccni . 


Ruby. 

Turkey Red. 

Gold Coin. 

Canadian hybrid. 

Dawson "s Golden Chaff. 

Indiana Swamp. 

Harvest Queen. 

Hungarian. 

Lancaster Red. 

PearTs Prolific. 

Fulcaster. 

Kansas Mortgage Lifter. 

Han^'est King. 

Fultz. 

Jersey Fultz. 

Fxtra Early Oakley— 

Beechwood h^^brid. 

Improved Rice. 

Footxmg. 


II. 63 

40 

II. 85 

68 

12. 33 

94 

12. 50 

78 

12.63 

68 

12. 77 

56 

13. 01 

96 

13.12 

So 

13.26 

76 

13.91 

68 

14. 01 

46 

14. 04 

56 

14. 06 

70 

14.25 

75 

14. 66 

80 

14. 68 

55 

14 .95 

76 

15* 17 

66 

16.55 



56 

96 


92 

60 

98 

96 

96 

86 

68 


90 

98 


94 

66 


78 

92 

70 


The data from the Kentucky Agricultural Experiment Station are not 
presented in the same manner as those from the Kansas and the Cali¬ 
fornia Stations and can not be considered in exactly the same way. 
Instead of the number of kernels crushed under different weights, the 
percentages of kernels crushed under the same weight (4 pounds, or 1,818 
gm.) are given. The kernels are divided into two classes, flinty and 
starchy^ and the percentage number of kernels out of 100, cut with the 
4~pouiid weight, is given for each class. 

TabliS IX .—Constants involved in the calculation of the correlation coefficient of mean 
breaking point and protein content of Kentucky wheat 


M'Cau. 

Standard deviation. 

Correlation 

coefficient. 

percentage of 
kernels cut. 

Protein 

content. 

Percentage of 
kernels cut. 

Protein 

conteot. 

68, iS 
±0.2256 i 

Per cent , 

13-65 

±0-1553 

14.58 

± 1-5953 

Per cent . 

1.0039 
±0,1098 

°-o 33 S 

±0-1545 


Thus, it is not possible to correlate the percentages of protein with a 
series of different crushing, or breaking points as in the other experiments. 
This difficulty was avoided by calculating the correlation coefficient of 
the percentages of flinty kernels which were cut under the given weight 
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with the percentage of protein. It seems that if any correlation exists, 
those varieties having the lowest percentage of kernels cut—the hardest 
varieties—should have the highest percentages of protein, and vice versa. 
The results as calculated by the writer are given in Table IX, The 
correlation table is given in Table X. 

Here also the correlation betiveen the hardness of the wheat kernels 
and the protem content is not significant. 

X .—Correlation between hardness of grain {subject) and protein cordeni (relative) 
in ig -'earieiies of Kentucky-grown wheat ^ 





11.00 to 

12,00 to 

13.00 to 

14.00 to 

13.0c to 

i 5 .co to 





11.99 

12.99 

15-99 

14.99 

15-99 

16.99 





11.495 

12.495 

13-495 

14-495 

* 5-495 

16.495 





—2.155 

-I.I 5 S 

-O.U 55 

+0.S45 

-fi.SdS 

42.343 


40 

} 44-3 

-23.7 

I 


i 

I 



2 

49 



, 





50 

1 54-5 

— It- 


I 



I 


4 

59 








60 

} "4.5 


1 I 

: I j 

1 ' ^ 


I ' 


i 4 

69 

O ' i 1 



1 i 





70 

} 74-5 

+ 6.3 


! I 

[ I i 




1 

79 



i * 

0 



j 5 

So 

} S4.5 

“ 4 " 16«t 

! 


i I ! 

I 



1 2 

89 




! ; 


1. 

1 

1 

90 

} 94-3 

+26,3 


i I 

1 ^ ' 


1 

i. 


99 



i 




i 





4 

1 4 

7 

i 

i 2 

) 

1 2:9 







1 



o nirst three columns at left denote, respectively, classes of percentages of flinty kernels cut under 
pressure of 4 pounds (i,8iS gm.), mid points of classes, and deviations from the mean. The three lines in 
the boxes at the top denote, respectively, classes of protein percentages, mid points of classes, and deviations 
from, the mean. 


TabLB XI .—Coefficient of correlation constmiis 


Number of 
strains. 

Mean. i 

i 

Standard de’V'iation. | 

! 

Correlation 

coefficient. 

Specific 1 
1 gravity. 

1 

Protein 

content. 

1 

1 Volume. 1 

i 

J 

i 

i 

specific 

gravity. 

! 

1 

1 

i ! 

i Betwe^m ; Between 
i %o^e 

"S" 1 V- 

protein ‘ 
coptoL 1 

ft *7 

1.32 

±0.003 

Per cent j 
II. 67 i 
±0. 062 
II. 67 
±0.059 

Mm, j 

1 0.04 
i±0. 002 

1 

Ptremi, 1 Mm. | 
0. 7 <4 ■.! 

! i 

U/ .......... 

68 ...... 

20. 60 
± 0. 082 

±0.062 j j 

0. 73 1 1. 00S9 
±0.042 1 ±'0.037 

i 

" ’ .. 1 • . • 4 . , . . 

0. 0587! 0 

i±o. 081 j 

1 ! 


The correlation coefficient between hardness and protem content prov¬ 
ing to be practically zero, a study was then made to determhie the corre-^ 
lation between specific 'gravity and protein content and between kernel 
volume and protein content of the 'Kansas pure strains. The cotrela-' 
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tions are given in Tables XII and XIII. The chief constants in connec¬ 
tion with the calculation of the correlation coef&cient are presented in 
Table XI. 

Table XII.— Correlation between specific gravity (subject) and protein (relative) in 6y 
strains of Kansas-grown wheat ® 





10. 00 to ; 

JO. 50 to 

II. CO to 

II. so to 

12.00 to 

12. SO to 

13.00 to 





10. 49 

10. 99 

11.49 

ir. 99 

12.49 

12. 99 

iV ^49 





10. 24S 

so. 745 

IT. 245 

II. 745 

12. 245 

12. 745 

13. 245 





1.425 

.925 

.425 

.075 

.525 

1. 07s 

I-57S 


I. 10 








. 



1.14 

/ 










1.15 

L I- 

I- 


I 






I 

1.19 ' 
I. 20 

>T cjn 

i 

i , jp 









1.24 i 

r 

i 

!. 



. 


1 



1,25 

I1-27 

i . Os 

i I 


2 1 

3 

4 

1 ^ 

I 

12 

1.29 


j 

1 


! 





1.30 


j . 00 


10 

S 

6 

s 

4 

i 

35 

1.34 


j 




^35 

|x.3- 

! -^5 

f 

i 

2 

4 

S 4 ' 

5 ' 

2 

I 

18 

n 39 

1 



5 *T 

t 




1.40 , 

U4= 

! .10 

1 

1 


I 

I 




X 

1,44 

ir ’ 

) 



! 

i 






1 

I 

1 

1 

! 3 

i 

15 

12 

i ^3 

t 

17 

7 

2 

67 


a Eifst tiiree colunms at left denote, respectively, classes of specific gravity, mid points of classes, and 
deviations from the mean. The three lines in the boxes at the top denote, respectively, classes of protein 
percentages, mid points of classes, and deviations from the mean. 


Table XIII .—Correlation between volume of kernel (subject) and protein (relative) in 68 
strains of Kansas-grown wheat ^ 





10.00 to 
10.49 

so. so to 

10.99 

11.00 to 
11,49 

II. so to 

11.99 

12,00 to 
12.49 

12. SO to 
12. 99 

13.00 to 

13.49 





so. 24s 

10. 745 

It. 24s 

12. 745 

X2. 24s 

12. 74 S 

X 3 - 24s 






—. 925 

-.425 

4 -. 075 

+.575 

-ri. 07s 

+ I.S75 


^5 

T9 

h 

— 3.60 

I 

5 

3 

4 

s 

3 

I 

25 

20 

>22 

-f 1.40 


7 

10 

7 

10 

2 


38 

24 

i 





25 

1.7 

4- 6 . 40 

1 

i 


I 

I 

I 


I 

A 

29 







i 





4-11.40 . 



I 





I 

34 







1 






3 ; 

12 

IS : 

12 1 

i 

19 

5 

2 ' 

68 


^ o Eirst three colmms at left denote, respectively, classes of volinnes, mid points of classes, and devia¬ 
tion Iron! the mean. The three lines in the boxes at the top denote, respectively, classes of protein per- 
icen'tag^, mid points of classes, and deviations from, the mean. 


Th,a:e seems to be no correlation between protein content, on the one 
hand,, and either specific gravity or volume of the grain, on the other, 
a^-'was' found, to be true lor hardness and protein content.. 
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The absence of correlation between hardness of the grain and per¬ 
centage of protein is remarkable, in view of the ver}^ general belief that 
the hard wheats are relatively high in protein, and the fact that this 
belief is supported by strong indirect evidence. 

SUMMARY 

(1) It has been assumed, and there is some e\ddeiice to show, that 
hardness of wheat is associated mth and possibly dependent upon its 
protein content, the harder wheats being the higher in protein. 

(2) In the breeding of hard vdnter wheat, protein is one of the most 
important factors next to \deld to be considered. This being the case, 
it is desirable to discover a method of selecting for protein that mil dis¬ 
pense with the necessity of making chemical analyses of large numbers 
of varieties or strains under preliminary trial. 

(3) If hardness and protein content are genetically related, then when 
large numbers are taken the coefficient of correlation should show such 
relationship. This being the case, the selection of strains for hardness 
should involve selection for protein also, 

(4) Three methods of testing wheat for hardness have been devised: 
That of the viiter at the Kansas Agricultural Experiment Station (j); 
that of Harper and Peters, of the Kentucky Agricultural Experiment 
Station (2); and that of Shaw and Gaumnitz, of the California Agricul¬ 
tural Experiment Station (4). Calculating the correlation between the 
crushing or breaking point of the kernel in grams and the percentage of 
protein for the data from the three Stations, we have for the Kansas data 
a correlation coefficient of only 0.02 ±0.003, for the California data 
0.01 ±0.061, and for the Kentucky data 0,03 ±0.1545, These consist¬ 
ently negative results from the three sources seem inexplicable in the light 
of the generally accepted belief that the harder wheats are usually higher 
in protein. 

(5) The correlation coefficient between specific gravity and protein 
and between volume of the grain and protein were also determined. The 
correlation coefficient was found to be 0.05 ± in the first instance and 
zero in the second. 

(6) The writer is at a loss thus far to account for the conflict between 
the general!}!' recognized fact, on the one hand, that the higher protein 
wheats are the harder wheats, and the entire absence of demonstrable 
correlation between protein content and hardness by means of the cor¬ 
relation coefficient, on the other. 
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PLATE ICO 


■I'lacliiiie for determining tlie hardness of grain in terms of the cmshing point, 
desigiaed by the writer for tise at the Kansas Agricultural Experiment Station (5). 
T, tabic; L> lever arm gradtiated to tenths and hundredths; C, carrier which runs on 
lever arm as a track on flanged wheels; D, dial ivhich connects with sliding arm, r, 
which in turn moves the carrier C; H, hanger which rests upon lever L by a knife- 
edge bearing surface. At base of hanger is a support with upright pin upon W'hich 
perforated weights are hung. R, ram or hammer fastened to under side of lever arm; 
P, pans in turntable upon which the grains are laid for crushing; Ti, turntable revolved 
on notched gear by means of spokes underneath; IF, counterweight adjustable along 
tirni a. Weights are brass and are in i-, 2-, and 5-kgm. pieces, calibrated by the United 
States Bureau cf Standards. 










EFFECTS OF SOME CUCURBITA SEEDS ON ANIMAL 
METABOLISM 

By Bsnjamik Masurovsky ^ 

New Jersey Agricultural Experimeni Station 

1 . INFLUENCE OF PUMPKIN AND SQUASH SEEDS UPON KIDNEY 

EXCRETION 

The plants of the pumpkin family, Cwcurbita pepo E., C. mosdmia 
Duchesne, and C. maxima Duchesne, are natives of the American conti¬ 
nent, but the fruits of both pumpkin and squash are used to a greater 
extent in some European countries than in the United States. For 
instance 3 in Ukraine (Little Russia) the pulp is fed to the farm live stock 
and some seeds are given to the farm animals when the entire fruit is 
fed, but a large quantity of the pumpkin and squash seeds is consumed 
as a dainty by the people. 

PURPOSE AND PLAN OF EXPERIMENT 

The belief is held by many farmers that the seeds of pumpkin and 
squash have injurious effects upon the animal when fed in the amounts 
found in the entire fruit, but no careful experiments are on record' to 
disprove the belief that unless the pumpkin and squash seeds are'fed 
in excess they are not harmful. The purpose of this experiment is to 
throw some light on this question. 

Since the main objection to feeding whole pumpkins lies in the opinion 
that the seeds cause abnormal urination, the writer of this paper ex¬ 
perimented on himself by including in the daily diet given amounts of 
pumpkin and squash seeds freed from the seed coat and analyzing the 
daily volumes of the kidney excretion. 

The experiment was carried on in two distinct periods, each period 
consisting of three consecutive days. The ffrst period included March 
17, 18, and 19. The second period*^ covered March 24, 25, and 26. 
During the first period a basal diet was followed,, while during the second 
period an addition of given quantities of pumpkin and squash seeds 
without the hulls was used. 

Although data of all the three days for each period are given in the 
tables, the results of on!}?- the last two da3^s of each period were taken for 
comparison. The reason was that the results of the first day of each 
period might represent partial metabolic products from the day previous 
to the experiment, 

^ I -wish to €3!Cpress my thanJcs to Dr. A. R. Moore, head of the Biological Dept, of Rutgers College, for 
helpful suggestions in this work and to Prof. H. R. Lewis, Poultry Husbandman at the New Jersey Agri- 
cultural Experiment Station.' Prof, Frank G. Helyar, Prof. W. Ch, Skelly, and Mr. J. Thompson for assist¬ 
ance with the experiments. 

2 During March ao, 21, 22, and 23 small quantities of pumpkha and squash seeds were included in the diet 
to accustom the digestive system to the material to be used in the second period of the experiment. 
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BASAl, r>I3S^T (period i) 

The basal diet consisted of the follo^ving meals for each day: Morning, 
one cap of coffee, three wheat biscuits, one bowl of oatmeal and milk, 
and some oleomargarin; noon, two fried eggs, one glass of winter, a 
Ciiiantity of rice pudding, three slices of bread, one cup of coffee, and some 
oleomargariti; evening, i pint of milk and 4 wheat biscuits. Since the 
meals were served at tile same restaurant during both periods, the 
quantities of oatmeal, rice pudding, and bread and butter (oleomargarin) 
were approximate!}’ the same. 

The bladder w^as emptied about 7 a. m. and the urine discarded. All 
the urine from that hour up to and including that passed the next day 
at 7 a. m. w’as saved, thoroughly mixed, preserved with toluene, and kept 
in I-liter Erlenmeyer flasks with rubber stoppers. Thus, each composite 
sample represented the mixed excretion for 24 hours. The preservative, 
C. P. toluene (CcHs.CHg), was used at the rate of 5 cc. per liter of content. 

As soon as a 24-hour sample wms secured it was immediately analyzed 
for tlie determination of volume, specific gravity, titratable acidity (using 
N/io sodium hydroxid), and ammonia content, employing the formol 
titration method of Malfatti (j, p. 302)} The total solids of a sample 
were computed by means of Long’s coefficient (5, p, 483), During the 
intermediary period, including March 21, 22, 23, and 24, the estimation of 
creatinin by Folin’s colorimetric method (j, ^.506) and the determination 
of total nitrogen by the Folin-Farmer microchemical method (j, p. 483) 
was accomplished for the three composite samples of the first period. 


Table I .—Analyses of composite samples of urine from basal diet period 


Date. Volume. 

Tempera¬ 

ture. 

Specific 

gravity. 

Total 

solids. 

Acidity.® 

Ammonium 

hydrates 

(NHO. 

Creat- 

iniu. 

Total 

nitrogen. 

Cc. 

oC. 


Cm. 


Gnu 

Gw. 

Gnu 

Mar. 17,.... 1,170 


I. 024 

73. 008 

3S3.70 

I. 02314 

I. 404 

353 

iS. 740 


I. 031 

59.64 

' 441. 04 

I. 03348 

I. 361 

6.364 

19.... 630 

25 

1 1.033 

55 - 77 

451. 88 

i 

: 0.9447 

•993 

7.462 


a Esipressed in cubic centimetets o£ N/io sodium hydroxid required to titrate xoo cc. of sample 


EXPERIMl^NTAU BIET (PERIOD II) 

The pumpkin and squash seeds used in the experimental diet were 
obtained from a canning factory where pumpkin and squash fruits are 
packed. To increase the .palatability and to remove the effects of 
possible unsanitary handling of the pumpkin and squash' seeds they 
were spread in a thin layer on a tray and' placed in a dry heat oven 
where the material was kept at a' temperature of about 150° C, until a 
slight browning of the seed coats was noticed, indicating that the heating 
had 'been'' sufficient To ^ destroy all bacteria present and to roast the 

^ E.clereii« w nwkshy atohlMi: (italic) to *''Xitefatiire cited/' pp. 3s8-s3s>,, 
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kernels. THs operation also lightened the process of removing the 
hulls from the seeds. The weight of the seed consumed per was 
taken by subtracting the weight of the hulls from the amount of seeds 
used. 

The experimental diet consisted of practically the same meals as the 
basal dietj except for the addition of pumkpin and squash seeds to the 
evening meals. On March 24, 91 gm. of pumpkin and squash seeds 
were eaten;^ on March 25, 31 gm., and on March 26, 38 gm. The meal 
hours and study hours during this period II were exactly the same as in 
period I, and all other controllable conditions were kept as uniform as 
possible with those of period I. 

The same methods of sampling and analyzing employed in period I 
were used in period II. 


Table II.— A'nalyses of composite samples of urine from experimental diet period 


Date. 

Volume. 

i 

Tempera- \ 
ture. 1 

-.-.-. I 

f 

specific i 
gravity. | 

I 

Total 

solids. 

Acidity.it 

Ammo¬ 

nium 

hydrate 

mm). 

Creatmin. 

Total 

nitrogen. 


Cc. 

®C. } 

! 

Gw. 

j 41$-^ 

Gm. 

; Gm. 

Gm. 

Mar. 24^.... 

I , 195 

2$ i 

I. 022 1 

68.3s 


1 1,10274 

0.997 

9. 192^ 

. 

570 

25 1 

1.037 1 

54.83 

1 465. I 

1 1.016S8 

. 721 

4- 651 

26. 

545 

^s! 

1.038 i 

I 

53.26 

! 525-7 

1 1.1S46 

• 735 i 

7* 9^3 


o Expressed in cubic centimeters of Nlio sodium hydroxid necessary to titrate loo cc of sample, 

& rbe slightly greater volume of urine excreted during the first day Olar. 24) of period II as compared 
with that of March 170! period I is ascribed to the abnormal condition resulting from the excess of pumpkin 
and squash seeds ingested at the evening meal of that day. 

The estimation of the total phosphoric acid (P2O5) and total sulphuric 
acid (SO3) of the samples of both periods was done during the latter part 
of April. The uranium acetate method (j, p. 552) was employed for the 
determination of P2O5 and Folin’s method (j, p, ^46) was used for the 
estimation of SO3. Table III shows the results for both periods. 


Table III .—Determinaiion of P2O5 and SO'. 


Date of sample. ■ 

PsOs. j 

S 

i 

SOo. ! 

Mean of the last two 
samples. 

i 

i 

j 

1 

PaOfi. 

SOs. 

Period I; i 

Gm. 

A. 220 , 

Gw. 

I. 876' 

Gm. 

Gm. 

iL.... .! 

1 

10 ...; 

2.434 

j 2. S 35 ; 

' 2 . QOQ 

I.SSS 

1-833 

1.944 

1 2.4S4 

1. 870 

Period. II: ■ 1 

IVFrir 9 d - t . i 



2 c:.' 

! 2- 513 ' 
2.643 

1 2.321 

,} 2.378 

2. 300 

“0 .. 

26. ....*.' 

1 2,280 

i 





1 About eight hours after the evening meal on March 24 acute stomach pain accompanied by enictatiias. 
into the mouth of a very acid solution took place. To relieve this condition the back of the pharynx was 
irritated with the linger, causing vomiting. 
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The content of total sulpliates was almost 123 per cent in the hypothet¬ 
ical mean sample of period II as compared with the same of period I, 

COMPOSITION OF SHEDS 


The composition of the ptimpkin and squash seeds (less the hulls) which 
were used during period II of this experiment is given in Table IV. 

Table IT .—Commercial analysis of pumpkin and squash seeds (Jess hulls) 


Ingredient, 

Per cent. 

I 

i Ingredient, 

! 

Per cent. 

Protein. ' 

33 - 64 

53-48 

;■ Fiber... i 

1. 42 

2. 77 

Fat... 

ii Water... 




The low water content -was due to the fact that the kernels were 
roasted. The high percentage of fat and protein keeps the same relation 
to the water content in raw seeds. 

Comparing the results shown in Tables I and II, it is noted that not 
only the volume of kidney excretion during the experimental diet period 
is considerably less than that during the basal diet period but also the 
amount of total solids is about 5 per cent less in the former as compared 
with the total solids calculated for the excretion during the basal diet 
period. The marked differences are well illustrated in the supplemen¬ 
tary Tables V and VI. 

Table V. —Comparison of volume of urine excreted during periods I and II 


Date of sample. 

Volume. 

Hypotheti¬ 
cal mean. 

Percentage 
of volume 
of period 

II as com¬ 
pared with 
that of 
of period I 
taken as 
roo. 

Period I: 

Mar. iS..... 

Cc. 

740 

650 

570 

545 

Cc. 

} 695 

} 557-5 


19.... 

d 

00 

Period II: 

Mar. 25... 

26. 



Since a slight increase or decrease in the output of urine, so far as 
volume is concemed, is not of great significance, the determination of 
the creatinin and total nitrogen, as found in the samples -of periods I 
and II, was made. The results and comparison of both periods relating 
to the output of creatinin and total nitrogen is shown in Tables VII 
and VIII. ' 

; The data presented in these tables clearly indicate not only that the 
volume of uxme and ,the' amounts of total solids excreted during the 
experimental diet, period were considerably less' than during the basal 
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diet period but also that the percentages of total creatinin and total 
nitrogen in the urine during the experimental diet period was signifi¬ 
cantly less than during the basal diet period. 

Table VI. —Comparison of total solids of urine excreted during periods I and II 


Date of sample. 

1 i 

(To'tal solids. 1 

1 

j 

Hypotheti'' 
; cal mean. ‘ 

, 

\ Percentage 
i of total 
! solids of 

1 period n 

1 compared 
with that 
of period I 

I taken as 

1 100. 

i 

Period I: 

Gm. 

Gm. ! 


Mar. i8 . 

xQ. 6 a 



19..... 

55-77 

\ 57 - 70 i 


Period II: 

j 1 


Mar. 25... 




26.. ! 

55- 26 

1 SS- 04 

95-3 


J 

j 


Table VII ,—Comparison of creatinin in urine of periods I and 11 


Date of sample. 

Creatinin. 

Hypotheti¬ 
cal mean. 

Percentage 
of creatinin 
of period I 
compared 
with that 
of period II 
taken as 
100. 

Period I : 

Mar. iS . 

Gm. 
1.361 1 
•993 

. 721 i 
•735 

1 Gm. 

} I-177 

! 

} -728 

i 

j 

X9....... 

j 61.9 

Period II: 

Mar. 25. 1 

26. 



Table VIII .—Comparison of total nitrogen in urine of periods I and II 


' 

Date of sample. j 

Total 

nitrogen. 

Hypotheti- 
' cal mean. 

Percentage 
of total 
i nitrogen 

1 of ^period I 
compared 
i with that 
■ of period II 
^ taken as 
xoo. 

Period I: 

Mar. 18.-... 

Gm. 

! 6.364 

7. 462 

4. 651 

Gm. 


19. 

} 6.913 


Period 11 : 

Mar, 2^ ..... 

00 

C 4 

90.8 

j6 ........ 

7 - 9^3 





Although the results of a single experiment of this nature do not 
suffice to disprove the belief prevailing among stockmen that pumpkin 
and squash seeds when fed to live stock exhibit a very marked diuretic 
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action, nevertlieless the data presented above do illustrate a case whicli 
seems to reverse the general belief. Tbe experimental diet contained a 
greater amount of protein and fat than the basal diet because of the 
addition of the pumpkin and squash seeds to the former. It would be 
expected that this increase of protein and fat constituents would tend 
to increase the proteid and nonproteid nitrogen content of the urinary 
excretion of the experimental period, but the results obtained show the 
contrary to be the case. 


SUMjMARY on PART I 

1. Contrary to the belief prevalent among stockmen, ingested pumpkin 
and squash seeds inhibited kidney secretion. 

2. Not only is the volume of urine smaller when pumpkin and squash 
seeds are ingested but the total solids of the urine are diminished. 

3. \llieii pumpkin and squash seeds are included in the ration the 
acidity of the urine tends to rise. 

4. An excess of pumpkin and squash seeds in a given ration causes 
digestive disorders. 

5. The results of lower total nitrogen and creatinin in the urine when 
pumpkin and squash seeds are ingested is of a chemico-pharmacognosic 
significance. 

II. EFFECT OF PLMPKIN SEEDS ON THE METABOLISM OF YOUNG PICS 

The data reported in part I of this paper prompted the investigation 
of the effect of pumpkin seeds on the metabolism of young pigs. The 
results of such investigation may lead to an efficient utilization of the 
by-products of the canning factories where pumpkin and squashes are 
packed. 

In the experiments reported in the literature on feeding pumpkins to 
pigs (i, 2) and to cattle (4, 5, 6 ) the only object was to determine the 
comparative economical feeding value of the fruits of the pumpkin family. 
Although it is stated in some of the scattered experimental work on 
feeding pumpkins to live stock that the claim made regarding the inju¬ 
rious effect of seeds is without foundation (6), no experimental data are 
available to support these statements. 

The object of this experiment was to secure satisfactory data bearing 
directly on the influence of pumpkin seeds fed to young pigs. 

EXPERIMENTAL WORX 

Oh October 26, 1920, 18 pigs which were farrowed during August, 
1920, were selected for this'work. The age of these animals ranged 
between 2 >2 and 3 months. Pure-bred’ Duroc-Jerseys were used. The 
experiment was conducted under dry-lot conditions at the central hog 
b^am' of the New Jersey Agricultural Experiment Station. Until the 
animals were'chosen for this experiment they were running with their 
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dams in one of the main hog lots where field com was grown. They 
were weaned about three w’eeks prior to the experiments The males 
were castrated about two \Yeeks previous to experimentation. The 18 
pigs selected were divided into three lots, each consisting of 6 pigs, 3 
barrows and 3 sows. The pens m which the pigs were confined were 
similai in evtry respect. Previous to experimeBtal feeding the pigs 
received standard wheat middlings as a thin, w^et riiasli, and whole com, 
hand-fed. 

On October 26 the animals were ear-tagged for identification and dipped 
in about a 3 per cent creolin solution against vermin. Four da3’S werZ 
allowed for the animals to adapt themselves to the new conditions. 

On October 30 their initial weights were taken (Table IX). Bach self- 
feeder of each pen was filled with known amounts of yellow dent corn 
kernels, digester tankage, and standard wheat middlings. The ‘‘’can¬ 
nery” seeds used in this experiment were purchased from a canning 
factory where pumkpins and squashes were packed. The pumpkins 
fed to the animals -were the ordinary sugar pumpkin (Cucurhita pepo) 
chopped up fine (about i cc, in size). On November i the animals were 
dewormed by administering internally through the mouth 32 drops of 
worm-seed oil to i fiuid ounce of castor oil to each pig. 


Table IX. — Initial ’weights of pigs 


Lot Ko. 

Tag No. 

Sex. 

I Weight. 


i 


Pounds, 


{ 626 1 

1 Female.. 

30.0 


627 i 

i Barrow. 1 

31. 0 

I... 

1 62S i 

I Female.! 

31.0 


629 1 

‘.do. 

28. 0 


630 1 

j Barrow........ 

25-s 


i 631 1 


3 S -0 

Total. 





632 ’ 

i Barrow. 1 

29. 0 


633 

Female... 

32.0 

II......... 

^ 634 

.1 

39.0 


63s 

Barrow.j 

27.0 


636 

Female.___ 1 

32^5 


637 

1 Barrow.! 

42*5 

Total...... 


i 

202.0 


63S 

1 

Barrow.' 

42.0 


639 

Female.; 

26. 0 

Ill... 

640 

.do.^ 

24. 5 


641 j 

Barrow^.1 

35-0 


■ 642 i 

Female.| 

34-5 


643 j 

Barrotv.■ 

27-0 

Total... 

i 

1 


I IS9. 0 

j 


i 



1 The caked coadition q! the udder of some of the dams was responsible for the rather late ’weaning timeu 
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To aiial3^2e tlie pumpkin, a tkorougMy mixed sample of several finely 
chopped pumpkins containing the seeds was taken, as well as a thoroughly 
mixed sample of several finely chopped pumpkins without the seeds. 
These samples were weighed and registered, then placed in a drying 
oven where they were kept for two days. The moisture content of the 
punipkins -without the seeds was 95.82 per cent; that of pumpkins with the 
seeds was 91.99 per cent; and that of the seeds was 56.60 per cent. The 
proportion of seed to entire fruit was obtained by weighing eight con- 
daily feedings of pumpkins before and after their seeds were 
X tiliJLO V Cti. A list of the determinations follows. 


Bate. i 

1 

Entire 

pumpkiii. 

Seeds. 

Hov. 13..i 

Pounds. 

13-5 

12.5 

Pounds. 

1.2 

14.. 

is;. .. _ .... 

18 . ^ 

I. K 

■*■0.*.,. 

x6.... 

14.0 
i 12.5 

1.2 

17 .. . . .*... 

I. < 

18... 

15.0 

16,0 

1.8 

Jo. 

2.2 

20... 

10.0 

I.O 



Total... 

107.0 i 

a II.4 




«10.6s per cent of weight of entire pumpkin. 


The Table X gives the composition of the feed used. The determina¬ 
tions for crude protein, crude fat, crude fiber, and moisture were made 
by Charles S. Cathcart, State chemist; the analyses for ash and nitrogen- 
free extract were made by the \-\Titer. 


Table X .—Composition of feed 


Feed. 

Water. 

.. 

Ash. 

Crude 

protein. 

Nitrogen- 

free 

extract. 

Crude 

fiber. 

Crude 

fat. 

Digester tankage.... 

Middlings...'. 

Dent com... 

^‘Caiiiieiy^’* seeds. 

Pumpkin pulp (dryp... 
Pumpkin seed (dryp,.. 

Per cent. 
10.46 
10.07 i 
10.96 1 
6.45 

Per cent. 

17.84 
i 4.62 

.83 
3 - 5 ^ 
8.92 1 
6.47 j 

i 

Per cent. 

56.36 

16.7s 

9-44 

29.06 

8-77 

33.38 

Per cent. 

5-32 

54.91 

73-12 

9.31 

64.25 

11.09 

Per cent. 

1.47 

8.64 

1-23 

16.17 

I 5 -W' 1 
10.66 

Per cent. 

8-35 

S.oi 

4.42 

35-50 

2.89 

38.40 


Calculations were made on water-free basis. 


The duration of the experiment w^as 62 days, beginning October 30 
and closing December 31. The experiment was arranged and conducted 
in four periods. 

Period I. Entire pumpkin tested against pumpkin less the seeds. 

Period II.' Entire pumpkin and ground cannery'' seeds tested against 
entire pumpkin. 
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Period III. Entire pumpkin and ground '‘cannery” seeds tested for 
their value. 

Period IV. Ground “cannery” seeds in a dry mash tested for their 
value. 

Period I. —^This period began October 30 at noon and closed Xovem- 
ber 27 at noon. The object during this period was to compare results 
obtained by feeding pumpkins from %vhich the seeds have been removed 
with the results obtained by feeding the entire pumpkin. Lot I received 
during the first two weeks, besides the feed in the self-feeder ad libitum, 
finely chopped pumpkin containing 10.65 cent of seeds. During the 
last two weeks of this period the percentage of seeds in the pumpkin was 
increased to 21.30 by adding loose seeds. Lot II received the feed 
found in the self-feeder and served as a control. Lot III received, 
besides the feed in the self-feeder ad libitum, chopped pumpkin from 
which the seeds were removed. 

The results of this period are given in Tables XI to XIIL 

T.\BrE XI .—Feed consumed and effect on weight in period I 




Nutrients per too pounds live weiglit. 

Gain or 
loss per 
hundred¬ 
weight. 

not No. 

Date. 

Crude 

protein. 

1 

Crude ,! 
fat. j 

Crude 
nitrogen- . 
free 

extract. 

Grade j 
fiber. i 


fOct. 30 to Nov. 6. 

Pounds. 

6.267 

I 

Pounds, i 
2.189 
' 2.45S 

3.II9 
3.026 ' 

Pounds. 

21.1 ?i 

Pounds. 

1.243 

1.6o? 

Pounds. 

5-52 

8.66 

9*05 

10.25 


Nov. 6 to Nov. 13......... 

6.510 

6.838 

6.621 

2 c. 0?'^ 

I,.... 

INov. 13 to Nov. 20. 

Nov. 20 to Nov. 27. 

24.977 

23.624 

1.527 

1.410 


Average per week. . 

6-559 

2.698 

24.702 

1.446 

8.37 

ii..,. 

fOct. 30 to Nov, 6.^ 

JNov. 6 to Nov. 13. 

INov. 13 to Nov, 20... 

[Nov.'20 to Nov. 27. 

6.706 
5*599 
! 5*524 

1 5*744 

2.108 

1*957 

3 :-995 
1.958 

26.76S 
26.752 
28.2IX ' 
26.683 ' 

1.122 
1,312 
1.018 
.884 

S*i 9 

5*88 

9*55 

10.64 


i Average per week, . 

5-893 

1 2.004 

27.103 

1,084 

7-81 

in... 

rOct. 30 to Nov. 6. 

I Nov. 6 to Nov. 13. 

jNov. 13 to Nov. 20. 

i 6.608 

; 4-617 

1 5-407 

5-659 

2.063 

^*391 

1.74S 

1.710 

26.374 

17.250 

23.1x8 

21.262 

1.279 

1-035 

I-193 
1.239 

10.31 

—.23 

6.2«; 


[Nov. 20 to Nov. 27. 

6.67 




Average per week. . 

5-572 

1.72S 

22,001 

1.1S6 

j 7.66 

1 


Since a comparison of results obtained can be better made b}" figuring 
out the amount of nutrients required per pound of gain as well as the 
actual quantities of the different feeds consumed during a given period ^ 
these are given in Tables XII and XIII, 
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Table XII .—Feed consumed during period I 


Lot Nu. 

Date. 

Corn ! 
per hun- 

Mid¬ 
dlings 
per hun- 
d red- 
weight. 

Tank¬ 
age per 
hun- 
drea- 
weight. 

Pumpkin per 
hundredweight. 

Mean weekly- 
temperature. 0 

dred- 

weight. 

Pulp, 

Seeds. 

Maxi¬ 

mum. 

Mini¬ 

mum. 



Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 


“F. 


fOct. 30 to Nov. 6. . . 

27* 53 

7 * 97 

3 * 65 

14. 06 

1.67 

63 

40 

T 

J Nov, 6 to Nov. 13... 

23. 72 

12. 07 

2. 99 

28. 61 

3-41 

S6 

39 


jNov. 15 to Nov. 20.. 

27. 04 

7. 00 

3-38 

30. 41 

s.3.3 

45 

3 ^ 


[Nov. 20 to Nov. 27.. 

26. 13 

5 ' 73 

3 * 52 

3 ^ 5 - 54 

8. 26 

48 

38 


Average pex week. 

26. 10 

8.19 

3-38 

25. 90 

5. 42 


. 

1 

^Oct. 30 to Nov. 6... 

30-34 

; 7.92 

4. 45 



63 

40 

TT 

_ Nov. 6 to Nov. 13... 

28.32 

i 10.82 

i -97 



56 

39 

i.X ..... 

' Nov. 13 to Nov. 20. . 

33 * 4 - 

i 6,66 

2. 22 



45 

31 


[Nov. 20 to Nov. 27.. 

o^- 45 

: 5-07 , 

3 - 24 



1 48 

3S 

i 

Average per week. 

31- ^4 

7.61 j 

2-97 I . i. 



fOct. 30 to Nov. 6... 

28. S3 

1 7-72 ^ 

4. 39 

30.58 


63 

40 

TIT 

INov. 6 to Nov. 13... 

17. 17 

1 6.71 

3. II 

31*41 


56 

39 

JL « • a a 

INov. 13 to Nov. 20.. 

24. 75 

I 6.97 

3.12 

38.22 


45 

31 


INov. 20 to Nov. 27.. 

21. 49 

i 7 - 9 ^ 

3-84 

37. 10 

. 

48 

38 


Average per week. 

23. 06 

I 7-32 

i 

3.61 

34.32 i. 

i 




a The temperature data were secured from the Cooperative Observers’ Meteorological Records of New 
Jersey Agricultural Experiment Station, New Brunswick, N. J. 


Table XIII .—Nutrients required per pound of gain 


Lot No. i 

Date. 

Crude 

protein. 

Crude fat. 

Crude 

nitrogen- 

free 

extract. 

Crude 

fiber. 



Pounds. 

Pounds. 

Pounds. 

Pounds. 


Oct. 30 to Nov. 6. 

I- 135 

0. 392 

4-556 

0. 225 

T 

Nov 6 to Nov. 13.. 

• 751 

. 296 

2.893 

. 185 


Nov. 13 to Nov. 20. 

• 755 

•344 

2, 759 

. 16S 


Nov, 20 to Nov. 27. 

.645 

.295 

2.304 

■ 137 


Average per week. 

. 821 

•331 

3. 12S 

. 178 


fOct. 30 to Nov. 6. 

1 1.292 ; 

. 406 

5 * 1-57 

. 216 

II .... . 

IHov. 6 to Nov. 13. 

' - 952 i 

*332 

' 4 * 549 

1 .223 

|Nov. 13 to Nov. 20. 

• 57 ^! 

, 208 

2. 954 

1 . 106 


iNov, 20 to Nov. 27..... 

' •539 1 

, 1S4 

2. 507 

. 0S3 


Average per week. 

. 840 

. 282 

3-791 

• 157 

Ill .... 

fOct. 30 to Nov. 6 . ! 

JNov. 6 to Nov. 13 . 

. 640 ' 

. 200 

2- 558 

. 124 

]Nov. 13 to Nov. 20 . ! 

1 • 865 

•279 

3.698 

. I9S 


i|,Nov. 20 to Nov. 27. 

[ .S4S 

.256 

3. 187 

• 1^5 


Average per week . 

, , , 'i 

• 784 

.=45 1 

3. 147 

. 126 
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The feeding of the pumpkin was done regularly three times a day^ by 
hand. Considering the young age of the experimental animals it was 
expected that they would consume 5 pounds of pumpkin per 100 pounds 
live weight per day, but the first week revealed that lot I would clean up 
the seeds at first and not go very readily after the pulp, while lot III 
would consume a little over 4 pounds per day per 100 pounds live iveight. 
However, beginning with the second week the total weight of the entire 
pumpkin consumed by lot I would be equal to the total weight of pumpkin 
less the seeds consumed by lot III. During the first three weeks of this 
period considerable quantities of the whole seeds were found in the feces. 
Later on, however, this condition became rare. Toward the end of period 
I it became evident that pig 637 of lot II was gaining out of proportion as 
compared with the rest of the lot; on the other hand, pig 639 was a runt, 
being at a standstill. Pig 642 of lot III began to develop a rupture at 
the umbilicus. Before beginning period II these three pigs were dis¬ 
carded. To balance the numbers in the pens, pig 626 of lot I was trans¬ 
ferred to pen No. 3, leaving five pigs per pen. Every effort was made to 
keep the lots as nearly uniform as possible. 

The pigs were weighed weekly. The feeds of the self-feeders were 
weighed at the close of each week, and the weekly consumption of the 
feeding stuffs was thus obtained. For the computation of 'die consump¬ 
tion and the gain or loss during the week per 100 pounds live weight ’the 
initial weight of each lot of each week served as the basis for calculation. 

During the second week of period I lot III consumed relatively less 
corn than each of the first two lots; hence, the gain of lot III -was affected. 
With the exception of pig 630, lot I gave more favorable results through¬ 
out the entire period than either of the other two lots. 

PERion II.—This period began November 27 at noon and closed 
December ii at noon. The object during this period was to compare 
results obtained by feeding known quantities of ground “cannery'* seeds 
mixed with the chopped pumpkin (containing 10.65 cent seeds) with 
the results obtained by feeding the chopped pumpkin (containing 10.65 
per cent seeds) alone. Lot I received the mixture of pumpkin products, 
fed by hand, besides the feed contained in the self-feeden ad libitum. 
Lot II was on the self-feeder only, serving as a control Lot III received 
chopped pumpkin (containing 10.65 per cent seeds) fed by hand, berides 
the foods of the self-feeder ad libitum. 

Tables XIV to XVI show the results obtained during period II. 

The feeding of the pumpkins to both lots was done regularly three 
times a day as during period I. Pig 630 of lot I, although he was a poor 
gainer and showed symptoms of indigestion at the end of period I and 
continued in this condition into period II,. was retained to await further 
development of his illness. During the second week of period II, pig 
633 of the control lot (lot II) began to scour and vomit and lost ii 
pounds of her weight. The cause of sickness of pig 630, therefore, 
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cotild not well be ascribed to the presence of the ptimpkins or ground 
seeds^ for pig 633, which received no pumpkin whatsoever and w^as in 
better condition, followed the example of pig 630. For some reason 
unexplained, except possibly by the rainy weather during the last week 
of period II, none of the lots made progress as expected. At the end 
of period II the sick pigs, 630 and 633, were discarded. To balance 
up the lots, pig 640 of lot III was also expelled from the experiment, 
because of slow development. The remaining 12 animals were then di¬ 
vided into two lots. Lot I, retaining the 4 of the original animals, re¬ 
ceived pigs 641 and 643 from lot III. Lot II received pigs 626 and 
62S from lot III, as an addition to its remaining 4. 


Table XI\t —Feed consumed and effect on zaeight in period II 


' 

Lot Nc. 

! 

1 

Date. j 

i 

i 

Nutrients per lo. 

pounds live weight. 

Gain or loss 

Crude 

protein. 

Crude 

fat. 

Crude 
nilrogen- 
irec extract. 

Crude 

fiber. 

per 

hundred¬ 

weight- 


' 1 

Pounds. 

Pounds. 

Pounds. 

Pt?zinds. 

Pounds. 

T 

fNo'v. 27 to Dec. 4.! 

6.177 


22.750 

1.701 

13.05 


[Dec. 4 to Dec. ii.j 

5.698 

3.291 

iS.164 

1.748 

— 1,27 


. 

Average per weeic. j 

5-937 

3.19S 

20.457 

1.724 


i 

TT t 

[Nov. 27 to Dec. 4. 1 

5-^70 

1.751 

23-513 

1.016 

t 12,17 


\Dec. 4 to Dec. ii.j 

4.549 ’ 

i I-S 47 

1 20.8S2 

.888 

I - 4-49 


Average per week. | 

4.S59 

1.649 i 

1 22.197 

•932 

i 

1 

TTT ! 

JNov. 27 to Dec. 4. 1 

3.484 

! 2.160 

i 23.701 

1.270 

I 12.75 


IDec. 4 to Dec. ii.; 

4.844 

! I.968 

1 20.639 

1.142 

1 -1.07 


Average per week. | 

5.164 

; 2.064 

j 22.170 

1.206 ;. 

■ 


Table XV .—Feed consumed during period II 


Lot No. 

Date.' 

Corn per 
hundred¬ 
weight. 

Middlings, Tankage 
per 1 per 
hundred- j hundred¬ 
weight. I weight. 

Pumpkin per 
hundredweight. 

“Cannery'* 

seeds 

per 

hundred¬ 

weight. 

Seeds. 

Pulp. 

I.. 

TT 

. , 

27 to Dec. 4... 
\Dec. 4 to Dec- ii. .. 

Average per 
week. 

INov- 27 to Dec. 4... 
llDec. 4 to Dec. ii. .. 

Average per 
' week. 

|Nov. 27 to Dec. 4... 
\Dec, 4 to Dec, ii. .. 

Average per^ 
week. 

Pounds. 

23.71 

18.43 

Pounds. 

7.66 

6-33 

Pounds. 

2,39 

2 . II 

PcMinds. 

3-58 

3-00 

Pounds. 

25-39 

20.94 

Pounds . 

2-39 

4-23 

21.07 

7.00 

2.25 

3*29 

23.16 

3-31 

1 26.07 
23.46 

7.87 

6.58 

2.46 

2.18 




ll. .. 

MI...... 




24.76 

7.22 

2.32 



1 

25.50 i 
22.19 

7.62 

6-34 

2.38 

2 .II 

1.85: 
3.03 ' 

23.88 

23.51 


23.84 

6.98 

1 

2.24 i 

2.44 

1 

24,69 
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Table XVI .—Nuttienis required per pound of gain 


Lot No. 

Bate. 

Crude 

protein. 

Crude 

fat 

; Crude 

1 uitrogen- 
j free 
extract. 

1 Mean weekly tem- 
_ , i perature. 

Cruae 



iiuer- 

Maxiiniiiii. 

Mtalmiiiii. 

I. .. 

/Nov. 27 to Dec. 4... 
iDec. 4 to Dec. ii.. 

Powfids. 

0-473 

Pounds. 

! 0-237 

1 Pounds. 

j 1-742 

Pounds. 1 0 P. 

0.129 ^ 47 

AM 



II. 

'/Nov. 27 to Dec. 4.. 
IDec. 4 to Dec. ii... 

.424 i 

.143 

1 ^*932 ; 

.0S3 1 47 

.; 

0*t 

35 




Ill.1 

/Nov. 27 to Dec. 4.. .1 
\Dec, 4 to Dec. ii... 

.430 

1 *169 

1 1.S5S 

■059 i 47 

1.i 44 ' 

35 


i 1 i 

! ; ; 

i : 

I Ot" 


Period III.—^This period began December ii at noon and closed 
December 24 at noon. Only two lots, I and II, were under experimen¬ 
tation. The object during this period was to find the approximate value 
of the entire pumpkin as a succulent and the ground “cannery^’ seeds 
as a concentrate in the ration for young growing pigs. During this 
period lot I received chopped pumpldn (containing 10.65 seeds), 

fed by hand, and a known amount of ground cannery^’ seeds mixed 
with the middlings of the self-feeder ad libitum. Lot II was on the self- 
feeder only, thus serving as a control. 

Tables XVII to XIX show the results obtained during period III. 


Table XVIL —Feed consumed and effect on 'isoight in period III 




Nut- 

■ieuts per : r:; pounds live weight. 

Gain per 
hundred¬ 
weight. 

Lot No. 

Date. 

Crude 

protein. 

Grade 1 

I..4. 1, nitrogen - 

'jfree extract- 

Crude 

fiber. 

T 

/Dec, II to Dec. iS. 

Pounds. 

5. S02 

Pounds, j Pounds. 

2. S12 ! 22. 3II 

Pounds. 

I. 267 

Pounds.. 
10. 81 


;\Dec. 18 to Dec. 24. 

1 5-435 

2. 514 j 19. 343 

I. 0S2 

1 8.32 


Average. 

1 S- 61S ■ 

2. 663 ! 20. 827 

I. 174 

9-56 

II. ... . 

/Dec, II to Dec. iS. 

I S- 657 

1.839 1 23.958 

I. 044 ' 

1 ' 3 :x *34 

iDec. 18 to Dec. 24. 

! 4-776 

i. 

1.446 j 17.383 

.940 

1 2.02 


Average. 

1 s-2i6 

I. 642 1 20. 720 

.992 

I 6.68 


During the first week of period III no marked difference in gain and 
consumption of food per 100 pounds live weight took place. However, 
during the second week of this period lot I gained four times more 
weight per hundredweight, consuming a little more of each ingredient. 

Period IVv—^T his period' is practically a continuation of the preced¬ 
ing period except for the elimination of pumpkins from the ration. The 
ground ‘‘cannerjP’ seeds were mixed wdth the middlings and placed in 
the self-feeder from which the pigs could' get it ad libitum. The object 
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during tliis period was to find the value of these Cucurbita seeds as a 
constituent of the dry mash and the possible effects on young pigs, 
when fed ad libitum* 

The results of this study are given in Tables XX to XXII. 

Tabi^E XVIII .—Feed consumed during period Ill 


X^t No. 1 

i 

Date. 

com per i»*iddIiEgs| Tantoge 

hundred-^. . 

Pumpkins per 
hudredweight. 

Cannery 
seeds per 
hundred¬ 
weight. 

weight. 1 

aunureu- j 
weight. I 

nunareu- 

Weight. 

Seeds. 

Puip. 

1 

1. 

(Dec. II to Dec. i8.. 
iDec. iS to Dec. 24.. 

Pounds. 

26. 48 

Pounds. 

3. 19 

• 

Pounds. 

2- 93 

Pounds. 

3.14 

3- iS 

p 0 U 7 ids. 
26. 37 

26, 70 

Pounds. 

I. 92 


23- 23 

2. 26 

3 * 32 

I. 66 


Average. 

2 A. SK 

2. 72 

3. 12 

3. 16 

26 - 53 

I. 79 



-4.. 



II.. 

/Dec. II to Dec. iS.. 
\Dec. iS to Dec. 24.. 

26. 71 

7 - 75 

3'25 








17. 97 

7. To 

3 - 











22. 34 

7 - 77 

t. TO 






0* 





Table XIX.- 

—Nuirients required per pound of gain 


! 

Eot No, 1 

Date. 

Crude 

protein. 

Crude 

Crude 

nitrogen- 

free 

extract. 

Grade 

Mean weekly tem¬ 
perature. 



Maximum. 

Minimum. 

I. 

/Dec, II to Dec. 18.,. 
iDec. 18 to Dec, 24.. 

Pounds. 

0-536 

Pounds. 
0. 260 

Pounds. 

2 . 063 

Pounds. 
0, 117 

"F. 

48 

^F. 

3 ^ 


• 653 

. 302 

2.326 

. 130 

40 

26 


Average. 

•594 

. 281 

2. 194 

• 123 






II. 

/Dec. II to Dec. 18.. 
\Dec. 18 to Dec. 24.. 

.498 
2.364 

-- 

. 162 

2 . II 2 

. 092 
. 465 

48 

31 


-71S 

S. 704 

40 

26 


Average. 

1.431 

• 438 

5.40S 

. 2 78 








Table XX .—Feed consumed and effect on weight in period IV 


Lot No. 

Date. 

Nutrients per 100 pounds live weight. 

Gain per 
hundred¬ 
weight. 

Crude 

protein. 

Crude 

fat. 

Crude 

nitrogen- 

free 

extract. 

Crude 

fiber. 



Pounds. 

Pounds, 

Pounds, 

Pounds. 

Pounds. 

I.... 1 

Dec. 24 to Dec. 31. 

5-905 

3.164 

18. 074 

I, 480 

6 . 14 


Dec." 24 to Dec. 31. 

5.260 

1 . 650 

20, 424 

I, 002 

8 . SI 


The.differ^ence in ,gain of lot I was attributed to the abrupt change in 
feeding, (excluding,the pumpkins which were fed to them continuously 
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for eight weeks). No ill effects were noticed in lot I. Pig 626 of lot 
II showed signs of indigestion (loss of appetite). At the close of the 
experiment the general appearance of the animals of pen No. i was 
more favorable than that of the animals of the control lot (pen No. i). 
The original four of lot I made a total gain of 148 pounds throughout 
the entire experiment against a total gain of 99.75 pounds made by the 
four original animals of the control lot, leaving a margin of 48.25 pounds 
in favor of lot I. 

The record of each pig is given in Table XXIII. 


Table XXI .—Food consumed during period Jl’ 


Eot No. 

Date. 

Cora per 
hundred- 
weight. 

Middlings 

per 

hundred¬ 

weight. 

Tankage 

per 

hundred- 

•weight. 

“ Cannery 
seeds per 
hundred” 
weight. 

I. 

n.... 

Bee. 24 to Dec. 31. 

Dec. 24 to Dec. 31. 

Pounds, 

20. 53 

21. 73 

: Pounds. 

i 4.39 

: 7-92 

Pounds. 1 

3*35 ^ 

3*52 ^ 

PeniTsds, 

4*95 





Table XXII .—Nutrients required per'pound of gain 


Lot No. 

Date. 

Crude 

protein. 

! 

Crude 

fat. 

Crude 

nitrogen- 

free 

extract. 

Crude 

iuber. 

, 

Mean weekly 
temperature. 

Maxi¬ 

mum. 

Mini- 

nainn. 



! 

1 Pounds. 

Pounds. 

Pounds. 

Pounds. 

0 p_ 

“F. 

I. 

Dec. 24 to Dec. 31.. 

s 0.961 

o* 53:5 

2. 943 ' 

0. 241 

3S 

24 

II. 

Dec. 24 to Dec. 31. 

1 .618 

*193 

2. 400 i 

. 117 

1 38 

24 


Table XXIII .—Individual live -weights of the pigs 


Dot No. 

! 

Tag No. 

Sex. 

OCL 30. 

Nov, 6. 

Nov. 13. 

Nov. so. , 

Nov. 57. 

I 



Pounds. 

Pojinds. 

Pounds. 

Pounds. 

Pounds. 


626 . 

Female. 

30 

32 

36 

38.5 

42 


627 

Barrow. 

31 

32 

35 

'39 

45 


62S 

Female. 


32 

37 

41 

44 * 5 


629 

.....do. 

28 

3^*5 

33 

3 d 2 S 

40.5 


630 

Barrow.. 

25*5 

27-5 

29 

30. 5 

30.25 


631 

_.do.-- 

33 

35*5 

37 

41 -S 

48.5 


632 

.do. 

29 

30 

32 

36 

38-5 


633 

Female. 

32 

34 

38 

41 

45 ' 2 S 

;j .^ 

634 

.do.1 

39 

^ 3 S i 

40 

41. 5 

i 48 


63s 

Barrow. 

27 

! ' 28.5 : 

30 

3 ^*'S 

34 * 2 S 


636 

Female. 

32*5 

34*5 i 

34 

35*5 ^ 

37 » 2 S 


637 

Barrow. 

42.5 

47*5 : 

5 ^: 

61 

69.5 


638 


42 

47 

49 

56 

61.25 


639 

Female.......i 

i 26 

26. 5 

25 

25 

24.'5 

[11. 

640 


24. 5 

24*3 

25 

26 

28 

641 

BarroF.^ 

1 

40.5 

39 

! 37 * 5 

1 37*5 


642 

Female... — 1 

1 34 - 5 ^ 

38.3 

j 37 

; 41 

i 43 * 5 


643 

Barrow. 

i " 

3 t-S 

! 33 

} 

i 3 S *5 

i 41 


48496°-—21-3 
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TablB XXIII .-—Indimdtial live weights of the pigs —Coiitintied 


Tag No. 

Sex. 

Dec. 4. 

Dec. II. 

Dec. iS. 

Dec. 24. 

Dec. 31. 



Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

626 

Female. 

48.5 

46.75 

S 3 

53-5 

SI. 75 


627 

Barrow.... ... 

51 


59 -S 

64 

71 



628 

Female. 

50 

49 - 75 

52 

56. 5 

S8 


1 629 

.do. 

51 

53 

58 

63. 5 

67. 5 


Barrow. 

28 

21. 2$ 
58 

20 



631 

.....do. 

56 

62 

68 

76.5 

632 

.do. 

44 - 5 

48. 75 

53:* 5 

54.25 

62. 7 S 

633 

Female....... 

46. s 

35-5 

33 :-75 






|J 634 

j.do. 

55 

i 55 

62. 5 

I 64. s 

71. 5 

ij 635 

Barrow. 

41 

41. 5 

45-75 

i 47 - 5 

52.5 


! 636 

Female. 

41 

37 

39 - 5 

1 3^-25 

40. 5 


!l 637 
638 

Barrow... 






.do. 

67-5 

70 * 75 

1 81. s 

82. 5 

90. 5 

639 

640 

Female. 






.do. 


30 

: 35-25 




0-^ J 



1 641 

642 
^43 

j 

Barrow. 

40. 5 

38.75 

1 44 

45- S 

45 

Female. 

Barrow. 

48-5 

47 * 75 

55 

; 60. s 

62 



It is of interest to note that the content of lecithin, a growth- 
promoting substance, is nearly twice as great in shelled pumpkin seeds 
as in linseed cake (7). 

SUmiARY OF PART II 

1. “WTien pumpkins are fed to very 3"oung pigs, for some reason the 
seeds are more readily consumed than the pulp. 

2. '^Tiole seeds appeared in feces at first. ■ 

3. Although sickness occurred, it could not be attributed to the pres¬ 
ence of Cucurbita seeds in the ration. 

4. Pumpkins, as a succulent, tend to increase the appetite. 

5. Ground ** canneryseeds fed ad libitum have no detrimental effect 
on the metabolism of young growing pigs. 

Because of individuality and other variable factors existing in lot 
feeding it is not wise to conclude that the feeding of the pumpkin seeds 
was responsible for any better results obtained, so far as gain, thrift, 
and general .appearance of the animals is concerned. However, it is 
safe to say that no injurious effects have been noticed on the animals 
to which the pumpkin seeds were fed, whether in the fruit or when 
received as a refuse from the canning factory. In the opinion of the 
writer a period of 62 days with the very young pigs used in this work is 
sufficient to warrant the conclusion that the existing belief among 
farmers that pumpkin seeds are injurious to young pigs is groundless. 
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A CONSTANT-TEMPERATURE BATH FOR HEATING 
BEOOD SERUM 

By R. R. Heneey 

Biocheffiic Division, Buteau of Animal Industry, United States Depafiment of 

Agriculture 

For heating clear anti-hog-cholera serum to a temperature of 58® to 
60® C., as recommended by Dorset and Henley/ some form of constant- 
temperature bath is very desirable. Temperatures much higher than 
60® are very injurious to serum, and on that account any form of heating 
bath should have some arrangement to prevent temperatures higher 
than 60®; indeed, this is of almost fundamental importance in any 
automatically controlled bath. When the heating bath is kept under 
constant personal supervision the temperature is easily regulated and 
kept within the desired range, but with an automatic heater there is 
supposed to be no necessity for close personal supervision, and a derange¬ 
ment of the temperature-controlling apparatus, if unnoticed, may result 
in the complete loss of a batch of serum unless some way of preventing 
temperatures injurious to the serum has been provided. 

After considerable experimentation a bath has been devised which 
seems to embody a number of advantages. The operation of this bath 
depends upon the utilization of the vapors of a liquid having a boiling 
point at or about 61® C. as the heating medium, and the bath is so con¬ 
structed that a very small quantity of the liquid may be used, 

OPERATION AND DESCRIPTION OF THE BATH 

A diagram of the bath as used in the laboratoiy^ is shown in figure i. 
In brief, the bath consists of (i) a stand, A; (2) a jacketed kettle, 
provided with a draw-off valve, a, for the inner kettle, an inlet, b, and 
an outlet, c, to the outer jacket; (3) a cover, C; (4) a stirrer, D; (5) a 
condenser, E; (6) a liter flask, F; and (7) a thermometer, ,T. A per¬ 
forated cork stopper, s, covered with tin foil, should be used to connect 
the flask, F, to the inlet of the kettle. 

In operating, the draw-off valve, a, is closed, the inner kettle, F, is 
filled with serum, the cover, C, and the stirrer, D, are adjusted and started, 
the condenser, F, is attached, and water is allowed to flow through it. 
About 300 cc. of chloroform (U. S. P.,'boiling point 61® C.) is placed in 
the flask, F, and the flask is then attached to the inlet, I?, of the jacket. 
Heat, preferably a gas flame, or any other source of plentiful, con'trolkble 

1 Dorset, M., and Heneby, R. R. erodxjction or cxeae anb stebtwzeb auto-hoochoiera smw 
fPreliminary paper.] In Jour. Agr. Researdi, v. 6, no. 9, p. 1926- 
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heat, is applied to the hash, F, Heat should be supplied iu aburidaHce 
in the beginning so as to keep the chloroform boiling constantly and 
should be reduced only when the condenser capacity Is exceeded. As a 
usual tiling there is but little condensation of the chloroform in the 
condenser until the serum temperature exceeds 52". In other words^ 
until the temperature of the serum reaches 52® the kettle itself acts as 
a condenser. 

The kettle used in the tests has a capacity of 10 liters. It has been 
possible to raise the temperature of this quantity of vrater in one hour 
from 15° C. to 58"^, and a temperature of 58^ to 60"^ has been maintained 
for six hours with a loss of only 20 cc. of cliloroforin. With a condenser 
functioning properly no loss of chloroform should occur. 

LIQUIDS SUITABLH FOR HSATIXG ilEDIl'}! 

Of the liquids used, or considered, as heating mediums, chloroform is 
the most satisfactory, since (i) it has a suitable boiling point, (2) it is 
noninfiammable, (3) it has a characteristic odor, (4) it is not poisonous, 
(5) it is not corrosive, (6) it is insoluble in vrater, and (7) it is reasonably 
cheap and easily obtained. Although the boiling point of chloroform 
is 61^ C., it has never been possible to raise the temperature of the serum 
in' the kettle above 60^ even ^rhen siiihcient heat was applied to overtax 
the condenser. 

In altitudes greater than that of Washington, D. C., it may be neces¬ 
sary to use a liquid of higher sea-level boiling point tlian cliloroforin. It 
is believed that the most suitable liquid for this purpose is a mixture 
of carbon tetrachlorid and chloroform. Carbon tetraclilorid ]')oils at 
74"^ C. at sea level, and so mixtures of it and chloroform may be prepared 
with boiling points at sea■ level varying from a little above 61^ to a little 
belo\r 74*^, depending upon the quantity of each liquid present. F'or 
example, at an altitude of’5,000 feet the boiling point of chloroform is 
considerably lower than 61°, In this case a mixture of carbon tetra¬ 
chlorid and chloroform having a boiling point of 61° should be prepared. 
The proportion of carbon tetrachlorid to chloroform that will give a 
mixture having a boiling point of for a given altitude' can be easily 
determined' by preparing several mixtures of the two liquids in varying 
proportions and determining the boiling point of each. In this way the 
'.proportion of carbon tetrachlorid to chloroform that is required to give 
a mixture with boiling point of 61^ at the altitude in question may be 
'ascertained. 

If a liquid of lower boiling point than '61® C. at sea level should be 
desired, acetone, which has a boiling point of 58"^, is suggested. Acetone, 
however, is infiammable and is soluble in water. 

In all cases where mixtures are used, thentmost precaution should be 
taken to insure the perfect,condensation of the vapors, since otherwise by 




Fxg. I.—Automatic heating bath for auti-iiog-cliolera senma. 
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the escape of the more volatile constituent the boiling point of the residue 
is increased. The boiling point of the liquid used as a heating medium 
should be frequently tested, particularly when mixtures are used, in 
order to guard against any change. For this purpose it is advisable to 
have some provision made by which a thermometer may be inserted into 
the flask, F. 

SPECIFICATIONS FOR APPARATUS 

The kettle described was constructed as a laboratory model. For 
practical purposes the following general specifications are suggested: 

(1) Size, A kettle larger than lo by 20 inches should not be con¬ 
structed until its feasibility has been demonstrated. The smaller the 
diameter of the kettle the greater is the heat-absorbing surface obtained. 
On this account the diameter should not exceed one-half the height. 
With small diameters there is a rapid flow of convection currents, and 
it may be possible to abolish the mechanical stirrer. 

(2) Construction. The kettle should be constructed of a noncorrosive 
metal, without cremces, seams, or comers that can not be readily cleaned. 

The advantages derived from this kettle are: (i) It is of simple con¬ 
struction, (2) is entirely automatic, (3) there is no danger of overheating, 
(4) any desired temperature is obtained by using a liquid of suitable 
boiling point, and (5) a minimum of a fluid, which may be expensive, is 
used to maintain a maximum of another fluid at a predetermined 
temperature. 

With these advantages it is believed that the usefulness of this kettle 
will not be limited to the heating of clear hog-cholera serum but that it 
can be used for heating various semms and vaccines, or it may be 
used for any purpose in which a constant-temperature bath is necessary. 



ASSIMII.ATION OP NITROGEN, PHOSPHORUS, AND 
POTASSIUM BY CORN WHEN NUTRIENT SAUTS ARE 
CONFINED TO DIFFERENT ROOTS 


By P, L. GruS, formerly Chemist^ and J. O. Carrero, Assistojnt Ckemisif Porto Rico 

jigricuUural Experiment Station 

INTRODUCTION 

In a former ntimber of the Journal of Agriculttiral ResearcliJ data 
were presented which showed that when the supply of an essential 
element is restricted to a portion of a plant's roots the amount of this 
element assimilated is diminished. The relation between the fraction of 
. the roots supplied and the amount of the element assimilated seemed to 
agree with Mitscherlich’s formulation of the law of minimum. Prac¬ 
tically the same factor was obtained for the assimilation of nitrogen as 
for the assimilation of phosphorus, potassium, or iron. These data, 
however, were all obtained for one general condition—^namely, where 
part of the plant’s roots were in a complete nutrient solution and the 
remainder w^ere in a nutrient solution lacking only one essential eiement. 
No tests were conducted with part of the roots in a solution lacking two 
or more elements. 

The present paper reports work which shows how the assimilations of 
nitrogen, phosphorus, and potassium were affected w^hen half the roots 
of the plant were in a complete nutrient solution and half in a solution 
lacking more than one essential element; when the roots were divided 
between two solutions, each of ivhich lacked one or two elements; and 
when the roots were divided among three solutions, each of which lacked 
one or two elements. 

Only nitrogen, phosphorus, and potassium were varied in these tests. 
It did not seem feasible to attempt to determine how the assimilations of 
calcium, magnesium, and sodium would be affected by localizing the 
'Supply, since relatively small amounts of these elements are absorbed 
by com, Moreovei', nutrient solutions lacking in these elements would 
probably be unfavorable for root growth, 

METHOD OF EXPERIMENTS 

The methods followed in conducting these experiments were very 
similar to those employed in the tests previously reported. 

Com {Zea fnays T.)? ^sed in all the following experiments be¬ 
cause of the facility with which its roots could be divided among the 

^ GttE, F. n., and Carrero, J. O. absorphon’ ofitotrients as apfectbo by the' i^umber of, roots 
suppuEB WITH THE NUTRIENT. In Jotir. Agr. Researcb, V. 9 ^ no. 3 . P. 73”9S. » %• 19 ^ 7 . ■ Literatwe citftd^ 
P.94-9S. 

VotXXI.NaS 
Jnly IS, i9»i 
Na B-t7 
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different flasks. The seeds were germinated in spliagniini moss or in 
thoroughly leached coconut fiber. When the plumules were about i )4 
inches long the seedlings were transferred to the nutrient solutions. 

Two or three Erienmeyer flasks joined together at the necks and 
covered with black cloth were used as containers for the nutrient solu¬ 
tions. One seedling was grown in each of these double or triple flasks 
for a period of 20 days. The plants w^ere started in 200-cc. flasks, but 
as they becam.e larger they were transferred successive^ to 500-cc. and 
i,ooo-cc. flasks. , By guiding the new roots into the proper flasks, the 
roots of each plant were kept equally divided between the tv/o or three 
nutrient solutions afforded the plant. 

The nutrient solutions were renewed six times during the 20-day 
period of each experiment, and transpired water was replaced daily. 
While the plants were small the solutions were changed every 4 days; 
later the solutions were changed every 3 days, and finally ever>^ 2 days. 
The frequent renewals, of the solutions and the large size of the flasks 
insured an ample supply of the nutrients. 

Rain vrater, caught on the roof of the glasshouse, was used in making 
up the nutrient solutions. It contained only 17 parts per million of 
total solids (organic and inorganic) and was, therefore, sufficiently pure 
for these experiments. In these experiments it was necessaiy only to 
guard against appreciable contamination mth nitrogen, phosphoric 
acid, and potash. The, compositions of the nutrient solutions used in 
the different tests are given in Table I. 


TAsrS I .—Composition cf niiirieni solutions used 


Cliettika!. 


Monopotassium phospliate 

(KH2POO. 

Monosodium phosphate 

(NaHaPOi). 

Potassmm nitrate (KNO3)... 
Sodimn nitrate (NaNOa) — 
Calcium nitrate (CaCXOa)'’ 

4HsO). 

Potassimn, sulphate (K2SO4). 
Sodium sulphate (NasS 04 

' X0II2O)..... 

Calcium cMoiid (CaChdHsO) 
Magnesium chiorid (MgCh 

,6H20)... 

Magnesium 'sulphate (MgSO^i 

. ?HsO)... 

, Pcrrk tartrate, 

.. 

CSaldum mhcmate* precipi¬ 
tated, (CaCOs)... 

Water....__...... 


! 

1 Com¬ 
plete 
j solution. 

Solution Solution 
lacking ! lacking 
nitro- 1 phos- 
gen. ‘ phorus. 

! 

i 

' Solution 
Solution! lackliii? 
lacking ' nitrogen 
potas- 1 and 
slum. 1 phos- 
j phorus. 

; 

) 

Solution 

lacking 

nitrogen 

and 

potas¬ 

sium. 

Solution 

lacking 

phos¬ 

phorus 

and 

potas¬ 

sium. 

Soiiition 

lacking 

nitrogen, 

phos¬ 

phorus, 

and 

potas¬ 

sium. 

j Gm. 

Gun. 

Ghfi. 

Gn:. 

Gm. 

Gm, 

Gm. 

Gm. 

! 7.X4 

T,1 
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II. 84 
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1 ' 11.84^ 

1' 11.84 

4-50 j 

j 


4.50 



2.66 

4. 06 

4. 06 

4* 06 

‘ 4.06 

5*00 1 

5.00 

5*00 

5.00 

5. 00 

1 5*00 

5.00 

; 5*00 

so. 00 i 
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20. 00 
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Precipitated calcium carbonate was used in all solutions, since pre- 
limiiiary tests showed that it measurably increased the gTOWth of roots 
in certain incomplete solutions. Ferric tartrate was used as the source 
of iron, previous Avork having slioAAm this to be an especially available 
form of iron in the presence of calcium carbonate. In all the nutrient 
solutions, except that lacking potassium, the bases were m the following 
proportions by rveight: i Mg to 4 Ca to 5.3 Na to 14 K. In the solution 
lacking potassium the proportions were i Mg to 4 Ca to 6 Xa.‘ 

The nutrient solutions, with the exception of iron, were made up iS 
hours before they were to be used. Ferric tartrate was added just before 
the solutions were used, since the availability of the iron in the solution 
decreases somewhat with time. 

All tlie plants grown in the experiments were analjczed, b}" the usual 
analytical methods, for nitrogen, phosphoric acid, and potashv The 
results reported are, in practically every case, the average of closely 
agTeeing duplicate or triplicate determinations. . 

In each experiment one lot of plants was grown with all the roots in 
the complete nutrient solution, and another lot was grown with all 
the roots in the solution lacking nitrogen, phosphorus, and potassium. 
The normal, or maximum, assimilation of nitrogen, phosphorus,, or 
potassium for any experiment was taken as the diherence between the 
quantities present in these two lots of plants. The assimilations at¬ 
tained by plants having their roots divided between more or less com¬ 
plete solutions were expressed relative to this ■ maximum or norma! 
assimilation. 

In all tlie experiments i com plant was grown in each double or triple 
flask, and 8 plants were taken as a unit, the units being duplicated for 
each separate treatment. There were, therefore, 16 plants which rrere 
treated alike in every case. 

EXPERIMENTAL RESULTS' 

PUAHXS GROWN WITH THEIR ROOTS EQUALLY DIVIDED BETWEEN' 
TWO SOLUTIONS 

Experiment i. —^The roots divided between a complete solution and 
a solution lacking two elements. 

Since in this work only nitrogen, phosphorus, and potassium are 
varied, there are evidently only three possible pairs of solutions which 

1 nbe small amoimt of calcitim resulting from the slight solubility of calcium carboaate "was uot cousid- 
ered iu calculating these proportions. 

® Nitrogen and potash were determined in the roots as well as in the stalls and leaves, since the root^ 
Oottld be washed free from nitrates and potash salts. Phosphoric acid, however, was determined only in 
the stalks and leaves, because it seemed probable that some precipitate of calcium or ferric phosphate might 
adhere to the roots, even after thorough washing. 

s The amount ol nitrogen, phosphoric acid, or potash assimilated by 'these plants was taken as 'the amoant. 
present in the plants minus the amount present in the plants grown in the solution lacking nitrog^, phos¬ 
phorus,'and potassium. 
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consist of a complete solution and one lacking in two elements. Bata 
on the growth of plants in these three pairs of solutions are given in 
Table II, and data on the assimilation of nitrogen, phosphoric acid, and 
potash in Table III. 

The plants having half their roots in incomplete solutions had slightly 
higher ratios of roots to tops than the control plants, which had all their 
roots in the complete solution.^ It is also noticeable that plants 33 to 8o 
showed a greater growth of roots in the A flasks, which contained the com¬ 
plete solution, than in the B flasks containing the incomplete solutions. 

The means of the amounts of nitrogen, phosphoric acid, and potash 
assimilated by plants 33 to 48,49 to 64, and 65 to So were almost identical. 
The relative amounts of nitrogen, phosphoric acid, and potash assimilated 
by these three sets of plants varied, however, according to the character 
of the incomplete solution in flask B, 

ExPi^RiMENT II.—^The roots divided between a complete solution and a 
solution lacking three elements. 

The data on growth and on the assimilation of nitrogen, phosphoric 
acid, and potash, along with the results of experiment VIII, are given in 
Tables XIV and XV. 

While plants 49 to 64 had almost the same numbers of roots in the A 
and B flasks, nearly two-thirds of the total root growth was in the A flask 
containing the complete solution. 'The roots in the complete solution 
were much shorter and more bushy than those in the solution lacking 
nitrogen, phosphorus, and potassium. 

The proportions in which nitrogen, phosphorus, and potassium were 
assimilated by plants 49 to 64 differed but little from the proportions 
assimilated by the control plants, i to 16, although the mean assimila¬ 
tion of these three elements by plants 49 to 64 was only about two-thirds 
that of the controls. It would be interesting to know whether assimila¬ 
tion would be cut to 50 per cent if one-half the roots were maintained 
in water containing no nutrients whatever—^that is, no sodium, calcium, 
magnesium, iron, chlorids, and sulphates. Because of tlie difficulty of 
preparing sufficient quantities of suitable distilled water, this was not 
determined. 

Experiment III.—The roots divided between tv¥0 solutions, each of 
which lacked one element. 

The three nutrient solutions lacking in nitrogen, phosphorus, and 
potassium, respectively, may be combined in three pairs. The growth 
made in these three pairs of solutions, and the analyses of the plants are 
.shown in Tables IV and V. It will be noted that the growths made by 
the plants in each of the three pairs of incomplete solutions varied 
markedly. Roughly, the root to top ratios'were inversely proportional 
to the growths of tops. 

i root to top ratio is taken as the weigiit of dry roots divided by the weight of dry leaves aud stalks 

(tops), ' ' ^ ' 



Tablis 11.-—Growth of plmits in experimen t I 
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In the two preceding experiments and in the- work reported, in the 
previous paper^ where half the roots were in a complete solution^ the lack 
of any one element did not significantly depress groivth and assimilation 
more than the lack of another. In this experiment, however, where 
both the solutions were incomplete, growth and assimilation varied 
markedly according to which elements were supplied to only half the 
roots. A restriction of the supply of nitrogen and phosphorus to sepa¬ 
rate halves of the roots depressed groMh and assimilation more than a 
similar restriction of the supply of nitrogen and potassium, or phosphorus 
and potassium. 

The relative growths of roots in the A and B fiasks, shown by the rela¬ 
tive percentages of total roots by weight, in the two flasks is of interest. 
If the relative growths are indicative of the relative needs of the plant 
for the elements present in the solution, it w^ould seem from the data on 
plants 33 to 48 that nitrogen is needed more than phosphorus; from 
plants 49 to 64, that nitrogen is needed much more than potassium; and 
from plants 65 to 80, that phosphorus is needed slightly more than potas» 
slum. The relative needs of the plants for these three elements may 
well hold for com only and for this stage of growth of com. 

Experiment IV.—^The roots divided between two solutions, 'One of 
which lacked one element and the other two elements. 

The three nutrient solutions lacking nitrogen, phosphorus, and potas- 
simn, respectively, and the three solutions lacking nitrogen and phos¬ 
phorus, nitrogen and potassium, and phosphorus and potassium, 
respectively, can be combined in nine pairs. Only three of the possible 
combinations, however, afford in the pair a complete nutrient solution. 
The effect of these three pairs of solutions on growth and the assimilation 
of nutrients are shown in Tables VI and Yll. 

The assumption made in the previous experiment, that com needs 
nitrogen more than it needs phosphorus, and phosphorus slightly more 
than potassium during the period of growth covered by these tests, 
helps to explain the results obtained in this experiment as well as the 
results obtained in the succeeding ones. A second assumption, however, 
is needed—^namely, the assimilation of nitrogen, phosphorus, or potassium 
is greater when these elements are absorbed from solutions containing 
two or all three of them than when they are absorbed from solutions con¬ 
taining only one of them. 

This second assumption explains why plants 49 to 64 assimilated rela¬ 
tively more nitrogen than plants 33 to 48 and relatively more phosphorus 
than plants 65 to 80, also why plants 65 to 80 assimilated relatively more 
potassium than plants 49 to 64. 

48496°™21- i 
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GROWN WITH THEIR ROOTS E^UAEEY DIVIDED AHOXG THREE 

SOLUTIONS 

It was of interest to see wliether there would be a greater depression 
in growti and assimilation when the roots were divided among three 
solutions than vdien the roots were divided between two solutions. 

Experiment T.—^The roots divided among three solutions^ each of 
which lacked one element. 

In this experiment 'the roots were equally divided among 'three solutions 
wMcli were lacking in nitrogen, phosphorus, and pfOtassium, respectively. 
The data on growth aiid assimilation are given in Tables VIII and IX. 

A division of the roots among three solutions, each of which lacked 
one element, depressed the growth by 13 per cent, and the mean assimi- 
latioa, of ni'trogen, phosphorus, and potassium, hy 32 per cent. In 
experime'nt III, where the roots were dimded between two solu'tions, 
each also lacking in one element, the average depression in growth was 
30 per cent and the average depression in the mean assiinila'tion of nitro¬ 
gen, ph";jsphorus, and potassitim was 42 per cent. The plants in ex¬ 
periment may have had somevrhat of an advantage over those in 
experime'nt III, since any one' of tlie three elements was available to 
two-tiiirds of the roots in this experimeiit, wmle in experiment III two 
of the three elements vrere each available to only one-half of the roots. 

The greatest gTond:!i of roots was made ia the solution containing 
nitrogen and phosphorus (C flask), and the least growth took place in 
the solu'tion containing phosphorus and potassiiiin. These growths 
agree with the results shown in experiments III and lY. 

It is interesting to note that the roots wliieh tvere in the solution con- 
'taining nitrogen and phosphorus trere considerably richer i'n nitrogen 
'than those which tvere in 'the solution containing nitrogen and potassium; 
also, the roots which were in the solution containing nitrogen and potas- 
sitim tvere slightly richer in potassium than the roots which were in the 
solution containing phosphorus and potassimn. These facts appear to 
confirtn the results of tlie former experiments in showing that the need 
of tlie plants for nitrogen, phosphorus, and potassium is in the order 
given; and thet' also 'seem to indicate that the assimilation of one element 
from a solution facilitates 'the assimilation of another element from that 
solution. The roots in C iask, for example, were richer in nitrogen than 
those in B iask, because phosphorus is needed more than potassium, 
and on this account the assimilation of phosphorus aided the assimilation 
of nitrogen more 'than did the assimilation of potassium.^ 

^ExperqiEnt VI.—The roots divided among three solutions, one of 
which lacked two elements and two of which each lacked one element. 

M sbia exi^'lanaticii it is assumed that a Mgher percentage ol an element m the root at the time of analysis 
a tewe active of this ^ 
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Allien only nitrogeHj phosphorus, and potassium are varied, there are 
nine possible combmations of two solutions lacking one element with one 
solution lacking two elements. The effects of two of these combinations 
on the growth of com and the assimilation of nutrients are siio?m in 
Tables X and XL 

In the relative growths made by plants 33 to 48 and 49 to 64 there 
is further e^ddeiice that nitrogen is the element most needed by com 
at this stage of growth. Plants 49 to 64 made the greater growth, 
doubtless because two-thirds of their roots were supplied with nitrogen, 
while only one-third of the roots of plants 33 to 48 were so supplied. 

The relative growths of roots in the A, B, and C flasks present no 
imusital features; they are evidently dependent on the relative needs of 
the plant for nitrogen, phosphorus, and potassium, and on the pro¬ 
portions of the roots which were supplied with these three elements. 

Experiment VIL—^The roots divided among three solutions, one of 
which lacked one element and two of which lacked two elements. 

Of the solutions named above, six combinations afford a complete 
.nutrient solution; only two of the combmations, however, were tested. 
The results are shonm in Tables XII and XIII. 

Plants 49 to 64 contained more nitrogen and phosphorus than plants 
33 to 48, since they had an advantage in assimilating these elements 
from the same solution. 

Experiment —^The roots divided among three solutions, each 

of which lacked two elements. 

In this experiment the nitrogen was in one flask, the phosphorus in 
another* and the potassium in a third. The results are given in Tables 
XIY and X\h 

The depressions in growth and assimilation and the increase in the root 
to top ratio were greater in this experiment than i,ii any of the preceding 
ones.. 

The distribution of nitrogen and potassium between the roots and tops 
in this experiment may be of some significance; it seems to support the 
explanation offered later of the manner in which assimilation is de¬ 
pressed by a dirision of the roots between incomplete solutions. In the 
case'of plants 33 to 4S, the roots which were in the solution containing 
rntrogen have a higher percentage of nitrogen than the stalks and leaves; 
also, the roots from the potassium solution are richer in potassium than 
'the tops. The control plants (i to 16), however, have far higher per¬ 
centages of nitrogen and potassium in the stalks and leaves than in the 
roots. In all the preceding experiments (except plants 49 to 64, expeii- 
mmt YII), where assimilation was depressed to a less extent than in this 
'experinieiit, the sta.iks and leaves are richer in nitrogen and potassium 
than the roots. ^ 
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Experiment IX. — The roots divided among three soititlons. Various 
combinations of solutions compared. 

It is quite evident from a comparison of the results of the preceding 
experiments that the depressions in grov-dh and absorption were roughly 
proportional to the incompleteness of the solutions afforded the roots. 
This is further demonstrated in the present experiment where solutions 
lacking in different numbers of nutrients are direct!}^ compared. The 
results are given in Tables XVI and XVII. 

SOIMARY OF EXPERIMENTAL RESULTS 

The important experimental data of all the tests are gathered together 
in Table XVIII. Since only nitrogen, phosphorus, and potassium were 
varied in these tests (calcium, magnesium, sodium, iron, sulphate, and 
chlorid being present in all the solutions), the different nutrient solutions 
are designated in Table XVIII by their content of nitrogen, phosphorus, 
and potassium. NP, for example, refers to the solution lacking potas¬ 
sium, and XPK stands for the complete solution, while O represents the 
solution lacking the three elements. The different combinations of solu¬ 
tions tested are arranged in Table XVIII with the idea of facilitating 
comparisons, 

TAsrS XVIII .—Summary of results of experiments I to IX 


I Solution. i Weight per root. 1 

Expeiiuieiit ^ j | 

No. 


I. 

I. 

I, 

II. 

III. 

III. 

III. 

IV. 
IV, 
IV, 
IX. 

V, 

IX. 

VI. 

VI. 

IX. 

vn. 

VII. 

VIII. 


A flasks. 

B flasks. 

C flasks. 

; : 

i A flasks.: B flasks.: C flasks. 

A flasks. 

B flasks. 

C flasks. 

NPK,. 
NPK... 
NPK... 
NPK... 
PK.... 
PK.... 
NP 

N.. 

P. .. 


: Gm. 
lo. 02S4 
i . 0289 
i .0302 

G-m. 

0. 0262 
.0193 
.0205 
. 0267 

Gm, 

52.0 
61. 0 

48. 0 
39-0 
41-7 
37-4 
57 * S 
61. 2 





K 





0 



0 

62. 7 


NK 


> . 022 

.0305 
. 028S 


42. s 

38-9 

S2-6 
42 -s 

1 61.4 
i S 6-3 
! 38-3 


NP 


1 . 0196 
' . 0278 



NK ... 


.0259 
.0301 
• 0199 
. 0223 
.0215 


47.4 

i 3 ^- 6 
43 - 7 ' 
2 S »5 


PK.... 
NP 

N. 

R. 


.0228 

• 03°3 

! . otoc 




. 


NK.... 
NPK... 

P 




PK,...: 

'np!.*.V 

! -0293 

0.029 

36.1: 

PK.... 

NK....^ 

NP.... 

1 .029S : 

.0352 

1 *0384 

29-3 

34*3 

1 3 & ^ 

NK,... 

PK,...I 

N. 

1 ‘O333 ' 

.0376 I 

1 .0309 ' 

36.6 

29.3 

1 3 LI 

NP. 

PK.,..: 

K...., 

! -PSS ! 

.0218 ' 

1 .0212 

44-2 

27.9 : 

! n -9 

NP. 

NK....‘ 

P. 

j , 0362 1 

,0368 

1 .0232 

36.9 

39-0 

■ 24.2 

NK.... 

PK.... 

NP..... 

p.i 

N. 

. 02S6 

.0231 
,03X1 : 
.030S ; 

1 . 0248 

I . 021 

37-9 

32.0 

28.4 

33-7 
38 .2 

N.' 

P. 

, 02^8 

39 -8 i 
i 20.8 

K.^ 

P. 

\ . 0234 

i . 018S 

46.6 

26.6 

N.■ 

p.: 

K_ 

1,0373 

1 

. 02 58 

! .0272 

42*3 

j =' 7-7 
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Tabl'E —Suwniary results of c::pe^imenis I to 1‘X. —Coiitiii'iieci 




Ratio of 
roots to tops 
relative to 
that of CCD- 
trols takesa 

as icc.'S 


Assimiluti'^p relative to that of controls 
taken as icce'^’ 


Xitrogen 
. (X:. 


i Faespnonc : 
■ acid 


Potash 

(XsO). 


i Mean asstnii- 
i iatioDof ni- 
.) trogea (N), 
f phosphoric 
‘ acid 

I and potash 
: (KsOi.rda- 
’ tivetothat 
i of controls 
taken as 
^ 100. 


I. 

1 . -, ' 

2 ^5 

79 , 

74 ' 

1.. 

• fl r . i- . 1 r 0'& 

Q2 ■ 

91 ■ 

S2 - 

T 

» r » f • • » * ' X'CHJ ' 

<:'S 

84 , 
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•'-The tontrol pkmts were chose snnxn with all tlzeir rj-ois j:i c:;e complete solndoii. 

Tile more important facts, establislied in the preceding experiments 
are as follows: 

X Depressions in grownli and in assimilation of nutrients were roughly 
proportional to the incompleteness of the solutions afforded the roots, 
or, in o'ther words, proportional to the extent the nutrients were restricted 
to separate portions of the roots* 

2. Assimilation did not diminish with increasing subdivision of the 
roots among different solutions, unless the diidsion entailed increased 
localization of the supply of the various nutrients. 

3. The more gro^»Tth and assimilation were depressed by division of 
the roots among incomplete solutions the higher was the ratio of root 
growii to top growth.. However, the relation bettreen dimiimtion in 
assimilation and .increase in the root to top ratio was not quantitatively 
p-oportionai 

4. Wien different portions of the roots %vere supplied with different 
nutrient' solutions, the roots in the more complete solutions generally 
made the greater growth and had a more bushy habit of growth. In the 
Mutions lacking two elements the main roots were longer than in the 
more, mmplete solutions, the lateral roots were fewer, and the laterals 
were farther' apart on the main root. 
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5. the roots were di-vided between solutions that were lacking 
in the same' number of nutrients, root growth was greatest in the solu¬ 
tion containing nitrogen. 

6. The relative, as well as the absolute, root growth made in any 
solution, however, depended on the character of the solution in whi^ch 
the remainder of the roots were growing. 

7. When the roots were divided among three incomplete solutions, 
each of which lacked either one or two of the elements, ni^trogen, phos¬ 
phorus, and potassium, the amount of nitrogen assimilated approached 
the normal assimilation of nitrogen—^that is, the assimilation of plants 
with all their roots in a complete solution—considerably nearer than the 
amount of potassium assimilated approached the normal assimilation of 
potassium; also, potassium was assimilated to a ver}>^ slightly nearer 
normal extent than phosphorus. This fact doubtless would not hold 
for all plants or for all stages of growth. 

DISCUSSION OF RESULTS 

The rate at which nutrient ions are assimilated by the plant is doubtless 
dependent upon the rates of absorption, translocation mthin the plant, 
and utilization, or the rate at which the ions are built up into complex 
compounds. These three rates of absorption, translocation, and utiliza¬ 
tion are, of course, mutually dependent, a reduction in any one reducing 
the other two. 

The inability of a plant to effect a maximum assimilation of an ion 
which is supplied to only a portion of the roots evidently is not due to 
the root cells being unable to absorb this ion with sufficient rapidity. 
Data presented in the previous paper showed that roots could increase 
their rate of absorption very markedly. When only one-fourth of a 
plant's roots W'ere supplied with nitrates, these roots absorbed nitrogen 
2.26 times as rapidly as the roots of plants which were completely supplied 
with nitrates. 

The diminished assimilation of nutrients when the roots are divided 
between incomplete S'Olutions is more probably due to a diminution in 
the rate at which the nutrients are translocated to the cells where they 
are utilized. Although it is not known exactly how the ions are trails-' 
located, a rough explanation can be given of how the transference of 
ions in the vegetative part of the plant would be slowed down by absorp¬ 
tion of the different nutrients by separate roots. 

When, for instance, the nitrogen, phosphorus, and potassium are 
confined to separate roots (as in experiment VIII), there is an unusual 
transference of nitrogen to the roots in the phosphorus and potaS'Siuni 
solutions, and an extraordinary transference of phosphorus to the roots 
in the nitrogen and potassium .solutions, etc. The extra work of this 
unusual, transference of nutrients, however, is hardly sufficient to account 
for the diminished assimilation. 

' 48496 °— 21 - 5 '' ' 
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Probably tlie chief mhibition to translocation arises from tlie fact that 
nitrogen^ phosphorus, and potassitim are more or less scattered, as it 
were, in diferent parts of the plant, as a result of having been absorbed 
hj difeent roots. Doubtless the}^ are, for the most part, in different 
fibrovasciilar bundles and must be translocated by separate paths, 
instead of all together, to the cells where the}^" are to be utilized. A 
cell, for example, which is adjacent to a fibrovascular bundle that ema¬ 
nates from a root in the phosphorus solution can secure phosphorus at 
once, but the nitrogen and potassium have to be transported from other 
centers in the plant. No more phosphoms can be assimilated by this 
cell imtil the nitrogen and potassium are secured. Under normal 
conditions the three elements would be obtained from the same fibro¬ 
vascular bundle and they would be assimilated more quickly. 

The foregoing suggestion concerning the manner in which translo¬ 
cation and assimilation may be depressed by a division of the roots 
between incomplete solutions, seems to explain facts i and 2 of the 
suinmary given on page 56S. The mew that dimini.shed assimilation is 
due to slow' .translocation rather than to a reduced potver of absorption 
is also supported by the results of experiment VIII. In this experiment, 
where the assimilation was unusually low, the amounts of nitrogen and 
potassium in the roots were unusually large in proportion to the per¬ 
centages in the tops. 

It follow's from tlie explanation of the way assimilation is depressed 
'that when roots are in different incomplete nutrient solutions, slowness 
in the translocation or assimilation of one element reduces the rate of 
assimilation of other elements which are confined to other roots. This 
suggests a method, described below, for calculating the mean assimila¬ 
tion of those elements which are confined to certain roots, by making 
use of data presented by the authors in the previous paper. 

This earlier paper contains a graph giving a cur\^e which shows the 
assimilation of an element (relative to the normal) that wnuld be attained 
when any fraction of the roots were deprived of one element, the re¬ 
mainder of the roots being in a complete solution. This curve, experi- 
meHtally determined (reproduced in the present paper in fig. i), 
agreed very closely with Mitscherlich’s law of inlnimum. 

Uhile this ctuwe is directly valid only for the condition where part of 
the roots are in a complete solution and part in a solution lacking one 
element, nevertheless, by utilizing values obtained from it, one' can 
calculate fairly closely the mean of the amounts of nitrogen, phosphorus, 
and potassium that u 411 be assimilated when the roots are in two or three 
different solutions each of which is lacking in one or more of' these ele- 
lUttits. It is only necessary to take from the curve the assimilations of 
aitegen, phosphorous, and potassium (expressed as percentages of the 
horiB'al ^assimilations)' which correspond to the respective fractioiis of 
the roots supplied wi'th these elements and then multiply the percentages 
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of assiinilation togetJier. The result will agree fairly well i?ith the mean 
of the amoiiiits of nitrogen, phosphorus, and potassinin actually assimi¬ 
lated. In experiment VIII, for instance, 42.3 per cent of the roots were 
supplied idth nitrogen, 27.7 per'cent were supplied with phosphorus, 
and 30.1 per cent were supplied with potassium. Under the conditions 
for wUidi the curve is valid, the assimilations corresponding to these 
fractions of the roots would be 67, 56, and 57 per cent, respectively. 
These percentages jnultipiied together give 21 per cent, and the actual 



Fig. I. —Relation between percentage ©f roots supplied wjtb nitrogen md percentage of irttxinasxn 

absorption. 

mean assimilation in this experiment was 15 per cent of that of the 
normal or control plants. 

In Table XIX are given the actual and calculated values for the memx 
assimilations of nitrogen, phosphorous, and potassium in experiments 
where the roots were in incomplete solutions. 

The agreement betwreen the calculated and actual values is, for the 
most part, fairly close for work of this nature. The average values for a 
general type of combination of solutions, such as two solutions lacking 
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one ekment combined \irith one solution lacking one element, agree more 
closely tban tke values for any one combination of speciic solutions. 
Tliis is because the method of calculation does not take into account 
certain less important factors, such as the apparent greater need of the 
plant for nitrogen than for phosphorus or potassium. 


Tabi.^ XIX .—Actual and calculated vahies of meayi assimilations of nitrogen (tV), 
phosphotic acid (F^Og), and potash. {KoO'} 
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blean assimiktion of nitrogen(N), phosphoric add (PsOs)^ 
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0 The noruaal assimiktioa is that cl the controd plants gtom-n v;iih all their roots in the complete solution. 


It is interesting to note that the way growth and assimilation diminish 
with increasing localization of different nutrients does not follow the law 
of mininiuiii. According to any one of the formulations of the law of 
minimuin, growiih is not much less when three elements are equally 
deficient than when only one element is. deficient. However, there are 
many experimental delations from the law as usually formulated, and 
these results suggest an explanation for some of the apparent exceptions. 

The fact that in this work the ratio of roots to tops increased as assimi*" 
fation diminished may mean simply that a reduced assimilation of imtri" 
ents depresses the growth of roots less than it does the 'growth of tops. 
It may be, however, that a diminished assimilation of nutrients is directly 
stimulating to root growTh. The growth of roots depends,, of course, 
among other things, on the amount of organic material transported from 
the tops. ' Whether organic compounds are transferred to different parts 
of the leaves and stalks or to the roots may well be governed in part by 
the ratenutrieht ions are utilized in the tops.' When utilization is slow, 
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organic compounds may be transported to the roots; and when, titiliza- 
tion is rapid, movement to the roots may be retarded. On such a basis, 
it might be said that slow utilization of nutrient ions, due either to a 
deficiency in the supply or to a reduced rate of translocation in the plant, 
would be stimulating to root growth. This, of course, applies to total 
root growth. 

The relative amounts of root growth made in the different solutions 
(when the roots were divided) would depend on the relative needs of the 
plant for the nutrients present in the solutions, since the organic com¬ 
pounds -would evidently be most quickly utilized in those roots which 
contained the greatest number of the essential ions. 




REDUCTION IN THE STRENGTH OF THE MERCURIC- 
CHLORID SOEUTION USED FOR DISINFECTING 
SWEET POTATOES 

J, L. Weimer " 

Assistant Pathologistf Office of Cotton, Truck, and Forage Crop Disease InzestisjaiionSf 
Bureau of Plant Industry, United States Department of .Aariculiure 

INTRODUCTION 

Tlie disinfection of seed sweet potatoes \tith mercuric-clilorid solution 
(HgClj) before bedding for the prevention of certain diseases has become 
a common practice since it was first recommended by Harter ^ in 1913. 
Ail investigators working on sweet potatoes recommend in general the 
same method of treatment, although they differ slightly on certain 
details of procedure* In fact it has never been satisfactorily deter” 
mined how many bushels can be treated in a solution of i to 1,000 
mercuric chlorid before it becomes so reduced in strength as to be no 
longer effective. 

Some determinations have been made of the amount of mercuric 
chlorid removed from the solutions used for treating Irish potatoes, 
the results of 'which, so far as the writer is aware, have never been pub- 
lished.® However, the data thus obtained have influenced some investi¬ 
gators studying Irish potato diseases to recommend either that the 
solution be discarded after having been used three or four times or that 
a definite quantity of mercuric chlorid be added from time to time to 
bring the solution back to approximately its original strength. 

Orton states that the solution used for disinfecting Irish potatoes 
grows rapidly w^eaker, even losing as much as one-fou,rth of its stiength 
during a single treatment. He recommends that this loss be offset by 
the addition of i ounce of mercuric chlorid to each barrel of solution 
after one batch of potatoes has been treated. It is suggested that after 
repeating this process three or four times the solution be discarded. 
This method of procedure for the treatment of Irish potatoes seems to 
be pretty, generally agreed upon, since it is sanctioned by pathologists 
frdhi several,of the leading Irish potato growing States. 

It has been, assumed that Irish and sweet potatoes probably produce 
a similar change in the solution' in which they are treated.' Hence, 

^ Tiie writer is indebted to Dr. X,. X. Harter for vainaWe stiggestions and criricisnis during the progress 
of 'the work reported in this paper. 

3 Harter, X. X. comtroi, of mn Bi.Aac-ROT and stem-rot op the potato, /« U. S. Dept 

Agr. Bur. Plant Indus. Circ. ii4» p. 

® Since ibis article w^as submitted for publication results cd a similar nature have been ^ ptihllshed. 
(Bran-n, J. Wa. and Vaughan, R. E, potato scab. Wis. Agr Exp. Sta, Bui. 331, 27, P-» fis. 1521,) 

* Orton, W . A. ■ sspection .and treatment m seed potatoes to avoid disbaseA IJ. S. I>ept 
Agr. Bar. Plant Indus. C- T.. and F. C. D. Circ. 3, Sp., 2 1929. 
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recominendations liave been made that the solntion be discarded after 
3 or 4 bnshels of sweet potatoes were treated- Harter ^ states that the 
soiiition should not be used more than two or three times, since it loses 
its eiiicieiicy by repeated use. On the other hand, Taubenhaus ^ advises 
that the solution be used until exhausted. 

The expenments reported in this paper were designed (i) to deter¬ 
mine the rate of reduction in the strength of the naercuric-chlorid solu- 
tioii used for treating sweet potatoes and (2) to work out a method of 
procedure for growers whereby they might be I'easonabiy sure of mam- 
taining the solution at approximately its original strength with the 
least expenditure of time and money. 

METHODS 

The street potatoes used in these experiments were of the Yellow 
Jersey variety, grotrn on a sandy soil and stored in crates. The potatoes 
trere sorted and placed in bushel hampers in which they were treated. 
In this maimer the amount of dirt added to the solution was reduced 
tO' a minimum—tliat actualty clinging to the potatoes. The solution 
xms made up in a clean 50-gallon oak barrel by adding 4 ounces of mer¬ 
curic chlorid premously dissolved in warm water to 32 gallons of water. 
Samples of the solution were taken for analysis both before being used 
and from time to time as indicated in the tables. In order to keep the 
solution as nearly as possible at its original strength, ounce of mercuric 
chlorid w^as added after each 10 bushels of potatoes were treated. In the 
experiments where the amount of mercuric chlorid removed b}" a specific 
substance, such as dirt, bags, hamper, etc., was being tested, the receptacle 
used for the solution was of such a nature that no reaction would take 
place between it and the chemical. In all such experiments, except 
where the hamper and the 30 pounds of potatoes were treated, a 2 >2* 
gallon porcelain bucket containing 2 gallons of solution was used, and in 
those two cases a lo-gallon glazed earthen jar with 7 gallons of solution 
was used. 

The samples were analt^zed the same day the treatments were made, 
with the exception of those in the experiments, tlie results of which are 
recorded in Table I. These were made the following day. All analyses 
were made by the volumetric method described by Jamieson.^ In brief, 
the method consists of precipitating the mercury as mercury zinc thio¬ 
cyanate, collecting the precipitate on a filter, and titrating it with a 
^ standard solution of potassium iodate (KIO3) in the presence of strong 
hydrochloric add, using chloroform as an indicator. 

* BtA*rsR» n n SWE 3 ST pOTA'ro BISSASSGS, tJ. S. Dcpt. nanners*’ Bill. 36 211516, 

. ; * J. J. PISBASSS O? THIS SWHET POTATO IX TttXAS. To;, Afflt. Exp. Sta. Bcl. 249, 

3’4 %. xgiQ, 

Ckorse S., THB 6RAVSM«TtoC AXD VOLOMETRIC DEXaRKlNATlOST OP'MERCURY PEEaPI- 

mT«» m MEtcuRT'si»c THiocYAKATE. /« Jomt. Xjidias. Esigm. Ctepa., y. 11, no, 4, p, 996-297, 1919 
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Duplicate samples of 100 cc. each were placed in clean 250»cc. beakers, 
to which were added 25 cc. of the precipitating reagent, which consists 
of 39 gm, of ammouimn thiocyanate and 29 gm. of zinc sulphate per 
liter. The solutions were vibrated by striking the sides of the beakers 
with a stirring rod to facilitate the separation of the crystals. After 
five minutes they were stiiTed rapidly for one minute and then allowed to 
stand for one hour or longer. Sach solution was then filtered through 
a No. 42, 9-cm., chemically prepared 'WTiatman’s filter paper by the aid 
of gentle suction. The filter paper and precipitate were washed thor¬ 
oughly with a solution made by adding 10 cc. of the thiocyanate reagent 
to 450 cc. of water. Wfiien the filter paper was thoroughly drained it was 
removed to a glass-stoppered titration bottle. To each bottle was then 
added a mixture consisting of 35 cc. of concentrated hydrochloric acid, 
10 cc. of water, and 7 cc. of chloroform. This solution was then imme¬ 
diately titrated against a standard potassium-iodate solution containing 
19.2191 gm. of potassium iodate per liter. The iodin liberated gave a 
brilliant red color to the chloroform, which changed to a pink and dis¬ 
appeared altogether when the end point was reached. The chloroform 
settled to the bottom of the bottle, and even in the presence of a con¬ 
siderable amount of dirt the end point was not obscured. Hence it 
was never necessary to filter the solutions to be tested. 

In premous years attempts were made to carry out experiments of a 
similar nature, using the potassium-cyanid method for the determina¬ 
tion of mercury. This method consists in titrating the mercuric-cMorid 
solution against a standard potassium-cyanid solution, using phenol- 
phthalein as an indicator. In order to detect the end point, it was nec¬ 
essary to have a clear, colorless solution, which was often impracticable, 
especially since ever}?- attempt made to dear the solutions resulted in a 
decrease in the amount of mercury. The strength of a dean, standard 
solution of mercuric chlorid filtered through a single filter paper of 
various grades was reduced i to 3 per cent, and when two filter papers 
were used the concentration was lessened by as much as 6 per cent 
In view of these facts a method had to be found in which filtering was 
not necessary. In one instance an attempt was made to determine 'the 
amount of mercury removed by a gunny sack by the use of potassium 
cyanid, but the analysis showed' a larger amount of mercuric chlorid 
present in the solution after soaking the sack for 10 minutes than at the 
start. These results indicate that some substance present in the sack 
reacted with the potassium cyanid. ' No such inconsistencies were fotind 
in any of the analyses made by the Jamieson method. Some variation, 
in the duplicate titrations occurred, but this was never more than one- 
half of I per cent and was usually less. The figures given in the tables 
are calculated from the averages of two or more titrations. 
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EX?I;RIMENTAL DATA 

AJrlOtJXt OF MERCUMC CilLORtB REMOVED FROM THE SOEVTION DVRIMG 
THE ORBIXARY COMilERClAE TREATMENT OF SEED SWEET POTATOES 

In order to detennine tlie amount of mercnric dilorid removed from 
the solution in which seed sweet potatoes were treated, tivo duplicate 
experiments were conducted, the results of which are recorded in Table 
I* A sample of the solution was taken in each case before any potatoes 
were added, and others were taken after each 5 bushels treated. After 
two 5“bushel lots were treated Tf ounce of mercuric chlond dissolved 
in water was added, the solution was stirred thoroughly, and another 
sample was taken. After four 5-bushel lots of potatoes were treated 
the solutions were made up to their original volutne. 

For the sake of convenience in presenting the data in the tables the 
I-to-1,00c* mercuric-chlorld solution is considered equal to 100 per cent, 
and all of the oth^ei* concentrations are calculated on the same basis, 

TabcE l.^Percenkige 0/ •niercimc ckhfid removed from s&IiifioB 5 / iretjiing 5 btiskeh of 
sv£‘eeS potatoes zb ja gallo 7 zs cf solution: for fie minui^s 
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Tetnoveii! Ey each s 
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a Water was added to restore tlie solution to its origina! voluins. This retjuired 5 gallons in experiment r 
and gallons in experiment 3. 

^ Average for the two experiments—4.79 per cent. 

An examination of Table I shows that in neither experiment was 'the 
original solution of a i to i,ooo strength. Ho^rever, no attempt was 
made to measure the water accurately, but an effort was made to dupli¬ 
cate .the method which a sweet-potato grower would probably use. 
The results of the analyses in Table I, experiment i (treatment 5 minutes), 
'Ehow^ that the first 5 bushels of potatoes treated reduced the strength of 
6.3 per cent, the second 5 bushels 6,1 per cent, the third 
'' 'per €«it, the fourth 7.9 per cent, and the ffith 3,8 per cent, making an 
; averafe reduction of 6.04 per cent for each 5 bushels of potatoes treated. 
Ih expeiineiit '2 (treatment 10 minutes) the first 5 bushels reduced the 
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strengtli of merctiric clilorid 5.7 per cent, the second 3*4 per cent, 'the 
third 2 per cent, the fotirth 4.8 per cent, and the fifth i.S per cent, or an 
average rediiction of 3.34 per cent. The potatoes used in the latter 
experiment had been employed in previous experiments of another 
nature, and some of them had had a considerable part of the dirt removed 
by handling or by being dipped into water. The potatoes used in the 
first experiment, however, had been selected for seed in the atitumn, were 
stored in crates, and had not been handled until they were placed in the 
baskets in which they were treated. Nevertheless, data to be presented 
later will make it clear that a considerable amount of variatio'ii is to be 
expected. 

In both experiments ounce of mercuric clilorid was added after each 
10 bushels treated, in an endeavor to bring the solution up to its original 
strength. No data were at hand from which the correct amount of 
mercuric cMorid to be added could be calculated. It will be noted that 
in all but one case—^namely, in tlie first experiment—rafter 20 bushels 
were treated, the amount of mercuric chlorid added was more than 
enough to return the solution to its original concen’tration. 

Table I sho'ws that within the limits of these experiments the addition 
of ounce of mercuric chlorid after 10 bushels of potatoes were treated 
sufficed to keep tlie disinfectant up to a strength vffiere it was probably 
elective for the treatment of a total of 20 bushels without the addition 
of water. However, the thoroughness with which the potatoes are 
drained on removal from the barrel determines to a considerable extent 
the amount of water it is necessary to add. If reasonable care is exer¬ 
cised 20 bushels may be treated without the addition of water. 

CHUORIB Ri^MOVKB BY CBEAX SWEET POTATOES 

The results obtained by the analyses of the solutions used for disin¬ 
fecting sweet potatoes according to the method already described show 
that a considerable amount of the mercuric chlorid w^as removed. How¬ 
ever, the results give no clue as to what was responsible for the change 
produced in the concentration of the solution. An attempt was next 
made to determine to what extent the potatoes, the dirt, and the con¬ 
tainer were responsible for the reduction in the strength of the mercuric 
chlorid. 

The ability of potatoes, which were without doubt the most bulky 
substance added to the solution, to take up mercury was tested first. 
Six pounds of sweet potatoes from the storage house were washed free 
from dirt in running water, dried, and then immersed in 2 gallons of a 
solution of mercuric chlorid for 13-^ hours, a sample being taken before 
the potatoes 'were added and again at various intervals, as indicated in 
Table II* The solutions of mercuric chlorid used in all of the following 
experime'Hts were prepared separately. 
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fABlt IL- 

af mercuric ckhrid rcmoTcd fmm solution by treating 6 pounds 
of washed sweei pomtoes in 2 galhris cf solution 


Percenta 

present 

I*eH‘sl'ii a: tre2,tment. 

re cf KpCIf : 
71 soIuUor.. 

Percentage of HgCls 
removed from solu¬ 
tion. 



if 

Esperi- ! 
ment i. * 

Experi- 
snent 2. 

Control .. 


' I'-C 0 

: 


5 minutes,. 

..... 97 '^ 

cS. S , 

1.0 , 

I. 2 

io minutes. 

....' 

: 9 ^- 3 

1-5 

I. 7 

50 m mutes. 
60 ministes. 

.‘ 0". I 

93. 0 , 

I. 4 . 

I. I i 

2. 0 

'9© mimites. 

" .. 97-2 

: oS. 0 

1.0 ! 

i 

2. c 




Tlie coaitxol in Table II and in other tables to follow shows the coticen- 
tfation of the solution before the potatoes were added. In experiment i 
there was a decrease of i per cent in the amount of mercuric chlorid 
present after 5 irinutes and a decrease of 1.3 per cent, 14 per cent, i.i 
pex cent, and i per cent after 10, 30, 60, and 90 minutes, respectively. 
These results ma}* seein inconsistent, but as a matter of fact the varia¬ 
tions are well vithin the Emits of experimental error, since a difference 
of 0.3 per cent is equhmlent to only 0.05 cc. of potassium iodate. It is 
evident, then, that the potatoes removed approximately i per cent of 
the niercuric chlorid during the Erst 5 minutes and no appreciable amount 
thereafter, at least up to hours. 

Experiment 2 was an exact duplicate of experiment i, except that no 
sample was taken at the end of 60 minutes. Here there was a reduction 
in mercuric chlorid of 1.2 per cent after 5 ininutes, 1.7 per cent after 10 
minutes, and 2 per cent thereafter up to the end of the experiment. 
Again the greatest decrease occurred during the first 5 minutes, followed^ 
however, by a further slight reduction during the next 5 ininutes. The 
reduction of 0.3 per cent after 30 minutes is well mthin the limits of 
experimental error. 

These two experiments show that the greatest reduction in the con¬ 
centration of the mercuric chlorid took place during the first 5 ininutes 
of treatment. However, it was thought desirable to conduct a similar 
experiment on a larger scale. Accordingly 30 pounds of washed potatoes 
were treated in 7 gallons of mercuric-chlorid solution, and samples were 
taken for anah'sis, the results of 'ivhkh are given in Table III. 

The results show a reduction of 2.4 per cent in the amount of mercuric 
chlorid at the end of, the first five minutes, the concentration remaining 
constant thereafter. These experiments show that' the 
,,potatoes,removed some of the niercuric chlorid from the solution 
md that by far',the largest'part was taken out during the' first five min- 

,;'UteS,, ', '''' 
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Tabi^B III .—Percentage of mercuric chlorid removed from solution by treating 50 poundr 

of timked S'weet potatoes in, 7 gallons of sohdion 


Length of treatment. 


; Percentage 
; o:H:3CI: 
present in 
solution. 


' Percentage 
. ofHffCL 
: removed 
' from 
solution. 


Control S'... 
5 mmtites., 
10 minutes. 
30 minutes. 
60 minutes. 
90 minutes. 


99. 6 . 


2 ' 

2.4 

97 * 4 : 

2.2 

97. 2 : 

2.4 

97.2 : 

2.4 

97.0 , 

2. 6 


Soluticn itnused. 


A COMPARISON OP THB AMOUNT OF MERCURIC CHLORID RpMOVLD BY 
IRISH AND SW%^£ POTATOES 

Since it was customary to recommend that tlie solution used for 
treating sweet potatoes be discarded after 3 or 4 bushels had been 
treated on the assumption that sweet potatoes would remove from 'the 
solution about the same amount of mercuric chlorid as Irish potatoes^ 
a comparative test with Irish potatoes was made. Six pounds of Irish 
potatoes of the Burbank variety were washed and treated, a sample 
being' taken before disinfecting the potatoes and at stated intervals 
thereafterj as shown in Table lY. 

Table IV .—Percentage of mercuric chlorid removed from sohiiion by ireaiing 6 pounds 
of washed Irish potatoes in 2 gallons of solution 


Length of treatment. 


Percentage i 
dHgCla : 
present in ; 
sol'ation,. i 


Percentage 
of HgCIa 
removed 
from 
solution. 


Control a. 

5 minutes.. 
10 minutes 
30 minutes. 
60 minutes, 
90 minutes, 


Solutio,a Tinused. 


97.2 

o.S 

96, 4 

q 6.'4 

.8 

96.4 

.8 

96.4 

. 8 

96. 0 ! 

1. 2 


The results given in Table IV show that 6 pounds of washed Irish 
potatoes reduced the strength of the mercuric-chlorid solution to a 
slightly less extent than did an equal weight of sweet potatoes (Table 
II). They show further that Irish potatoes, like sweet potatoes, remove 
most of the mercuric chlorid during the first five minutes of treatment. 
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OTHER 3L4TESIAES VHD IX THE REMOVAt OE MERCURIC CHUORIB' 

r^iKi 

For the purpose of determining the extent to wliicli other materials 
associated ivith the treatment are responsible for taking up the mercuric 
dilorid from the soluticnj tests ’voere made vdxh dirt, sacks, a hamperj 
concrete, and a barrel. 'Three types of dirt mere used. Sample i was 
composed of tiie sweepings from a sweet-potato storage house and 
consisted chiefly of soil and fine roots wliicb. had collected where crates 
had been moved about or potatoes picked over. This was run in dupli¬ 
cate. Sample 2 was obtained from a field on which rye had been grown 
during the previous autumn and spring at the United States Depart¬ 
ment of Agriculture Experimental Farm at Arlington, Va., and had 
just been plowed under a short time before the sample was taken. The 
soli w'as a dark loam and contained roots of rye and weeds. Sample 3 
was a red clay subsoil almost or entirely devoid of humus, taken several 
feet below the surface. One pound of each sample was treated in 2 
gallons of iiiercuric-chlorid solution, and the results are given in Table ¥. 

Tabi^E Y, —FercmUge 'of mercuric cMorid remo^jcd from solution by ireating i pound of 
dirt in 2 gallons of solution 


F-erceatage of HgCh present in soiution. jPercentage of HgCia raBoved froni solutions. 


of 


ireatinexst. j 

Si'jil s-aiaple i. 

Soil 1 Soil 
sample 2- ; sample 3. i 

Soil sample :. 

Soil 

sample 2. 

Soil 

sample 3. 

Control 0 . ; 

91. 1 : 
75 * * ' 

75 * 5 : 
75 * S 4 

IOC. c 

lOZ, 9 q4. 0 . 

r 

! 




5 minutes.... 1 
m minutes., 

30 minutes.. 

60 minutes...!' 

$2.4 
Sa. 0 
Sc. 0 

5 : 93 - ® 

97.6 92 .2 ; 

15 * 3 i 
15.6 
IS- 6 s 

I f . 

17.6 
itS. 0 
iS. 0 

2.4 i 
4*3 j 

1 

i 

I. 0 
i.S 

24 hours__ 

63. 6 j 

6 S. 2 ' 


'*'0*0 ! 

31 -s: 

j 



* Solution unused. 

The results presented in Table ¥ show a considerable difference in the 
atnount of. mercuric chlorid removed by the three types of soil. The 
two sets of soil sample i removed 15.3 and 17.6 per cent, respectively, 
during the first 5 minutes, after which there was little or no change up 
to and including 60 minutes. At the end of 24 hours there was a decided 
decrease in the strength of the solution. There was some variation in the 
dianges produced by this dirt in the two trials, but in general the results 
are similar- However, a decided difference is apparent in the results of 
the, experiment with soil sample 2. After 5 minutes onfy 1.4 per cent of 
the mercuric chlorid was removed, as compared with 15,3^ per cent and 
174 per cent with soil sample i. Another increase to 4.3 per cent took 
; plabe in the next 5 minutes, while in these cases the amount of mercuric 
^cMbrid'seemed to remain constant for some time after the first 5 miniites. 
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Soil sample 3 behaved in mncli the same manner as sample 2^ removing 
I per cent during the first 5 minutes and 1.8 per cent at the end of 10 
mintites. It seems probable that the variation in the amount of vegetable 
matter present in the soils was largely responsible for the differences in 
the amount of mercuric chlorid removedj althougli other factors may have 
been involved. Soil adhering to the potatoes or that present in the 
containers is therefore responsible for the removal of a considerable part 
of the mercury. In view of these facts the extent to vdiich a solution 
should be used depends somewhat upon the amount of soil and roots 
adhering to the potatoes. 

SACKS 

The amount of mercuric chlorid removed by two sacks treated in 2 
gallons of solution was next determined. One was a 2-bushel cotton 
grain sack of the ordinary type, and the other a gunny sack of about 
equal capacity which had contained a commercial stock feed. The grain 
sack was washed and dried before being treated. The gurmy sack was 
turned inside out and shaken thoroiighh^ to free it as nearly as possible' 
of adhering materials. 

An examination of Table VI shows that a grain sack and a gunny sack 
remove a considerable amount of mercuric chlorid even during a 5-iiiinute 
treatment and an increasingly larger amount as time goes on. If the 
fate at which a sack will remove the mercuric chlorid is proportional to 
the amount of solution in which it is treated, then the amount of mercuric 
chlorid removed by the bag from about 32 gallons would be something 
like I per cent for each treatment. Since the sacks continued to remove 
the mercury for at least 24 hours, they alone would be responsible for 
the removal of enough of the disinfectant to interfere seriously with the 
effectiveness of the subsequent treatments. It would therefore seem 
unsafe to use sacks as containers in the treatment of sweet potatoes. 

Table VI .—Percmtage of wiermric chlorid removed from solution hy itmiing smhs in 

2 gallons of solution. 


Lengtli of treatment 

1 Percentage of H,gCl2 i 
1 present in solution. 1 

Percentage oi HgCiy re¬ 
moved from solution.. 

Grain I 
sack. j 

i 

Gmsny | 
sack. ; 

Gram j 
sack. 1 

Gunny 

sa'dc. 


I i 

i 01.6 ; 

101.5 1 



. , .. ^. . .. 

5 mijitites........ 

S4.5 1 
I 77.9 i 
^ 72,7; 

91.2 1 
87.t i 

10,1' 1 

10.3 

TO miimtes .,. 

16.7 1 

14.2 

1 19.0 

22.9 

30 minutes..... 


' 21.9 i 

60 Tui'nutes. 

70,4. ' 

7S.6 1 

i 24,2 j 

1 29.2 1 

1.. . . 

/j V . . ...... 

65.4 1 

botir??.. 

65.5 1 
10.0 : 

, 36.0 
91 . 5 : 

24 bours,........ 

54-3 

i 39 -S 



a Soitstiaa imiised. 
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Sweet potatoes are ofteii stored in bnsliel hampers, and it is sometimes 
converient to use these as containers in making the treatments. Table 
TII gives the results obtained by treating a hamper in 7 gaHons of solu" 
'tion contained in a lo-gallon stone jar. 

Tabls VII .—Pefccfztagc of mercuric chlorid rtmiaved from solution by iteaimg a bushel 
hamper in 7 gallons of solution 


Length c: treeitineiit. 


! Percentage 
i ofHgCl- 
‘ removed 

solution. , solution. 


* Percentage 
I o 1 HgCL 
! present in 


Cnctrnl ^. . 

Q 7 . 7 

^ mi antes... 

y ^' 0 j 

96. 0 ; 1.3 

iomintites.... 

95 - 5 1 S 

joniiaiites,...... 

92. I 5. 2 

60 xainiites....... 

1 91-Si S'S 

24 hours............ 

. 68. S ! 28.5 


- Solution unused. 


An examination of Table VII shows that the hamper likewise removed 
some of the mercury, although a proportionally much smaller amount 
than the sacks. Nevertheless, it is to a certain extent responsible for 
reducing the strength of the merciuric-chlorid solution in tlie commercial 
treatments. 

coxcasTE 

Fanners sometimes use concrete tanks instead of barrels as containers 
for tlie disinfectant. In order to learn wdiether concrete wall produce 
any change in the concentraticii of the mercuric-cMorid solution, the 
follow-ing experiment was conducted. Two concrete blocks, having a 
combined total area of 215 square inches and a w'dght of 9 pounds, wdth 
smootli surfaces except at one end, were immersed in 2 gallons of solu- 
don. The changes in the concentration of the solution are shown in 
Table VIIL 


Table Till.— Perce-niage cf mercuric chlorid removed fro fU. sohition by ircaling coiicrete 
blocks in 3 gallons ef solution 


LeBgth oi trotlxseixi. 

Percentage ‘ 
ciHgCL ! 
present in i 
solution. ! 

Percentage 

oIHgCla 

removed' 

from 

solation. 

Gwlroi c....,,, _ 1 

94 - 2 ; 
94.0 j 
n.'t 0 


..........■! 

"w tniimtts........ ... ^ 

0. 2 

« 2 

a'.liOto. ..' i 

94 * V 


24 hoars........ ... . ' 

90. 7 ! 
A|. 4 i 

i ' ' i 

3 * S 
9* s 


» Soititioia ttntiaed. 
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These figures show that practically no mercuric cMorid was removed 
from the solution during the first 10 minutes. However^ in 2 hours the 
strength was reduced 3.5 per cent, and in 24 hours 9.8 per cejat» These 
results demonstrate that although concrete does not remove the merc'uric 
chlorid as rapidly as some of the other materials used, yet it does cause 
reduction in strength. 

BARREL 

Table IX gives the results of analyses of samples taken from a solution 
made up in a clean oak barrel. These results show that no appreciable 
loss of merctny could be detected up to the second hour, when 1.5 per 
cent had been removed. After 24 hours the strength of the solution was 
reduced 9.7 per cent. Obviously the barrel also exerts an infiuence upon 
the strength of the solution. 


Table IX .—Percentage of mercuric chlorid removed from solution by a clean mk barrel 



Length of treatment. 

j 

j Percentage 
! ofHfiCls 

I present in 
[ solution. 

j 

Fcrcen'tage 
of HgCla 
removed 
from solu¬ 
tion. 

Control c . 


1 

.! lOO.I 


10 minutes. 

30 minutes. 

60 minutes. 

2 hours. 

24 hours. 


.'1 3[oo.5 

. 100.I 

. 1 9S.6 

.. --j 90*4 

0 

0 

0 

i.S 

9-7 


a Solution unused. 


GENERAL DISCUSSION 

Prom a survey of the tables it is evident that several factors may be 
responsible for the removal of mercuric chlorid from solutions used for 
treating sweet potatoes. No doubt the potatoes themselves remove a 
major portion of it, but other materials which come in contact with 'the 
solution, such as the sacks, hamper, soil, barrel, or concrete, alsO' reduce 
the concentration of the solution. In the two experiments of which the 
results are recorded in Table I, the method of treating the sweet potatoes 
in common use among growers was used. Here 'potatoes, dirt, hamper, 
and barrel were all present,' and the average amo'unt of mercuric chlorid 
removed by them was approximately i per 'Cent for each bushel treated. 
There was considerable variation in the amount removed by each 5 
'bushels treated, probably due at least in part to the amount of dirt cHag- 
ing to the potatoes and to the differences in 'their size. By the addition 
of ^ ounce of mercuric chlorid after each 10 bushels nf potatoes treat«l 
the solution was kept near enough to its origiiial strength for all prac¬ 
tical purposes. However, ^ ounce of mercuric chlorid in most cases 
a little more than oiough to r^tore the solution to its' origiial 
' 4849 r—21- 6 , 
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streiig'tli. Had tlie experiment been continued long enougli it is pos¬ 
sible iliat tbe strengtli of tlie solution would have been increased siiffi- 
ciently to injure the potatoes, as sweet potatoes are very susceptible to 
mercuric-ciilorid injur}’. It was found that 6 pounds of washed sweet 
potatces removed slightl}’ more than i per cent of the mercuric chlorid 
frctn 2 gallGitis of 'the solution. A pound of dirt in 2 gallons of solution 
removed from i.S to iS per cent of the mercuric clilorid, the variation 
being due tot the type of soil used. Aside from the potatoes, dirt is 
probabh" responsible for a greater change in tlie strength of the solution 
than an'y other single substance. However, sacks used as containers 
reduc'ed the concentration veiy rapidly, a gunny and a grain sack in 2 
gailons of solution decreasing the strength 16.7 and 14.2 per cent, re- 
S'pectively, in 10 minutes. On tlie other hand, a bushel hamper removed 
the meTcuTj les's rapidly. In view of these facts it would seem best 
whenever possible to use hampers or other wooden containers for the 
treatment. However, if it is necessary to use sacks the amount of mer¬ 
curic clilorid added from time to time should be slightly increased. The 
oak barrel as well as the concrete blocks weakened the strength of the 
solution. 

The foregoing facts show that the factors involved in disinfecting 
sweet potatoes are so mamr and varied .that it is unwise to make any 
sweeping generalizations. However, if it is assumed that the a\’erage 
of approximate!}^ 5 per cent is removed by each 5 bushels of potatoes 
reasonably free from soil and treated, in hampers in a clean barrel con¬ 
taining 32 gailons of solution, then the following recommendations may 
be made: Aiter each 10 bushels of potatoes treated, add from to X 
ounce o'l mercuric chlorid and add water to make the solution up to 
its original volume. It is further recommended that the solution be 
discarded after the treatment of 50 bushels. 

Since the dirt and other foreign matter remove some of the mercuric 
chlorid, it is important that the barrel be thoroughly cleaned out before 
a fresh solution is made up. It is impossible to state that, a given 
number of potatoes under known conditions will remove a definite 
amount of mercuric chlorid. The results of experiments i and 2 given 
in Table II illustrate this point, since in both cases 6 pounds of washed 
sweet potatoes of the same variety and from the same source'were 
.treated in 2 gallons of solution and in the fo'rmer case i per cent and 
in, die latter 2 per cent of the mercuric cMorid waS' removed in 1% 
hours. No doubt the surface area of the potatoes governs to a certain 
.extent,the quantity removed. It is impossible to know ,the type or 
quantity of dirt and refuse that will find its way into the solution, and 
both important in reducing die concentration. All of these 
'facts how„utireiiabIe any sweeping generalizations may be. Nev- 
;erthd«S',, there .is necdior.some definite method of procedure iu'treating. 
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sweet potatoes; and in view of the data presented, in Table I, the writer 
feels that the recommendations given are more reliable than any here¬ 
tofore proposed. 

SUMMARY 

fi) A bushel of sweet potatoes, when treated in 32 gallons of a i to 
1,000 mercuric-cMorid solution in the manner generally followed by 
farmers, reduces the strength of the solution approximately i per cent. 

(2) The decrease in the strength of the mercuric-chlorid solution is 
due in part to the potatoes themselves. 

(3) The dirt and fibrous roots as well as the containers of both the 
potatoes and the solution also remove a certain amount of the disin™ 
fectant, 

(4) Washed sweet potatoes and Irish potatoes remove approximately 
the same amount of mercuric chlorid from the solution. 

(5) The addition of from % to ounce of mercuric chlorid and suffi¬ 
cient water to make the solution up to its original volume after each 
10 bushels of sweet potatoes treated will maintain the solution near 
enough to its original strength for all praciical purposes for the treat¬ 
ment of 50 bushels of sweet potatoes. 




CATALASE, HYDROGEN-ION CONCENTRATION, AND 
GROWTH IN THE POTATO WART DISEASE 

By Fr.SEMAx Weiss j Pathologist, O^ce of Cotton^ Truck, and Forage Crop Disease 
Invesiigaiions, and R. B. 'H.ary'QY, formerly Physiologisi, O^e of Plant PkysiologF 
cal and Femieniaiion Investigations, Bureau of Plant Industry, United States Depart- 
meni of Agriculture 

An attempt was made b}^ one of the authors ^ to determine the rela¬ 
tive importance of the physiological factors of the hydrogen-ion con- 
centration, catalase, oxidase actmty, and osmotic concentrations which 
are correlated with growth. Determinations were made upon tissues in 
wdiich overgrowth was induced by inoculation -with Bacterium ttimefa- 
owns Sm. and T. and as a result of injury from freezing.^ In both of 
these cases the production of overgrowth was attended by an increase 
in catalase actitdty and decrease in hydrogen-ion concentration. It was 
shown to be improbable that overgrowths in tissues infected with Bact 
imnefacmns were produced by diferences in osmotic concentration 
brought about by the organism, since no considerable difference in 
osmotic concentration between diseased and healthy tissue could be 
found. In the mosaic disease of tobacco, in which a decreased growth 
is shown in the palisade cells of the diseased areas, there was a corre¬ 
sponding decrease in catalase accompanied by increased hydrogen-ion 
concentration of the expressed juice.^ These cases would lead one to 
believe that increase or decrease in hydrogen-ion concentration brought 
about inverse changes in catalase, since it is known that catalase dete¬ 
riorates rapidly in acid solutions and remains constant at acidities between 
Ph 7 and PhS. Boas ^ reports that the acidity of the cell sap of potatoes 
affected by leafroll is less than that of healthy plants; but whereas dis¬ 
eased plants show an increase in catalase content in some cases, this 
relation did not hold generally. 

An idea of the importance of the factors correlated with the produc¬ 
tion of overgrmvths can be obtained only by a study of conditions' attend¬ 
ing their production by various means or by different types of orgamsms. 
Excellent material for this work, in which there is a marked growth 
response on infection of the tissue, was found in the wart disease of the 
potato (Solanum iuheromm L.) casued by ChrysopMyciis endobiotica 
Schiib. These overgrowths are 'Very striking in appearance and size, 

^ HaRYEY, R. B. REIATION of CATAIASE, CESEDASE, ANB H+ concentration to the FOR 3 CATIQN Q 9 
OVERGROWTHS. /» AxaCt. JoUl. Bot., V. 7, BO, 5, p. isrj-itis. 1920, 

a - hasbsning PROCESS m piahts anb bevetopments prom frost ssjdry. In Jour. Agr, 

Research, v. is, bo. 2, p. 83-X13, 3 fig., pi. t-xx and A (cqL). 1918. literature cited, p. loS-iis, 

3 - hydrogen ion changes in the mosaic disease of tobacco plants and their reiation 

To CATAIASE. In Jour. Biol. Cheta., v. 42, no. 3. p. 3 Si 5 - 4 «« 5 * 

^ Boas, Briedricli. beitrage zitr kenntnis des KARTOPPEiABBATtJSS, i« Ztsckr. PilanzeaJcrank., Bd. 
39» Heft s/6, p. 171-176- 29x9. UiteratuiverzeiclHiis, p. r j6. 
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frequently equaling or even exceeding the normal size of the organ 
which they replace, and they develop very rapidly ^niticli more so 
than bacterial tumors. For instance, the earliest wart infections at 
Freeland, Pa,, this year were found about July 13, and .they were then 
not larger than i to 2 cm. in diameter. By the last of July warts 5 om. 
or more in diameter were abundant, and some could be found even as 
much as 10 cm. in diameter and weighing 200 gm. Evidently growth is 
exceedingly rapid in the infected tissues, and this disease affords excellent 
material for a separation of the physiolo^cal factors affecting growth. 

The hydrogen-ion determinations were made by the potentiometric 
method, using a bubbling electrode. The tests were run in pairs with 
wait and healthy tuber tissue collected from the same plant while in 
full vegetative activity and taken directly to the laboratory for testing. 
The material was ground in a food chopper and the Juice pressed out 
through a doth sack. No effort was made to use always uniform pressure 
with the different samples, because the hydrogen-ion concentration of an 
expressed juice depends not upon the total concentration of buffet 
substances present but upon the ratio of their concentrations. The 
samples were tested without dilution. It was observed that oxidase 
activity was much greater in wart tissue, judging by the very dark color 
which the expressed Juice acquired as compared with the light color of 
healthy juice, 

TabliS L— Hydwgefi’-ion concentration in healthy and 'watt tissue from the same plant 


I 

Variety. | 

1 

Healtijy. i 

1 

Wart. 

Ph. 1 CK-f. I 

S 

Ph. 

Cht. 

1 

Prince Henry. 1 

ElxQola.. 1 

In.fili Tnlibler. .. | 

6.17 1 6. 7 Xio-' 

1 4.3 X10-; 
6.49 1 3.2 Xio~’ 
6.45 ; 3-5 

6.39 i 4.07X10-^ 
6.35 1 4*47X10-^ 

■6. SCO 1 3. i6XiO“* 

5-96 

Immune. 

Immune. 

I. 09X10-® 

Immune. 

Immune. 

'Spw Yorker. .... 

6. II 

7. 76X10-'^' 
8,99X10-^ 
1.02X10-® 

Do ..... 

6. 0? 

Up-to-Hate. .. 

S -99 

Iratnime. 

Bdzell Blue.... 

Immune. 

Seedling 3Q16S. 

1 6. 67 ; 2. 14X10-“^ 

6.65 j 3.24X10“^ 
6.49 j 3.24X10-* 

6. 57 j 2. 69X10“'^ 

6.45 i 3. 31X10-^ 
6.65 ' 2.34X10-^ 

6.46 1 3.47X10-^ 

Immune. 

Immtme. 

Seediing 388x6.... 

6. 09 
Immune. 

S. 13X10-'^ 
Immtme. 

McCotniick..... 

.. 

6. 01 

9. 77X10-^ 
Immune. 

Rose'No. 4........ i 

Immune. 

Portuguese Purple.! 

s- 90 

6.03 

1.26X10-® 

Early Prospect.| 

9.33X10-^ 


Average...1 

6.49 j 3.4SX10--' 

6. OO' 

9. 71X10-^ 



The, catalase determinations were made on diseased and healthy 
'ttetie from' the same plant, using fresh material The Van Slyke amino- 
'idtogen apparatus was used.^ All determinations were' made by using 

"B. kriawon o? Catalans, crodasb, an» cohcsktrahok to ihb ioemahon 
I# Aaw, |otsr. Bot,, v. 7, no. s, p. aii-ais. tosck 
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fresli 12-volume B3?'drogeii peroxid (Dioxogen) previously neutralized 
with calcium carbonate (CaCO)^, The amounts slioim are cubic centi¬ 
meters of Og evolved in, 5 minutes of slow and approximately constant 
shaking. In most cases 50 gm. of tissue was ground ivith quaxtz and 
excess calcium carbonate in a mortar and made up to 1,000 cc, Trith 
water. In a few cases different amounts of tissue were used, but cor* 
rections have been made in the totals. The temperature during the tests 
could not be held constant, but the ffuctuation was less than 2° C. for 
controls. 

Table II .—Catalase activity hi healthy and si^art poiaio iissue from ihc same plants as 
measured by cubic ceniinieiers of oxygen ei’olved from- lo cubic centimtiers of hydrogen 
peroxid in 5 mmules ® 



i 

Healthy. 

Wart, 

Variety. 

Tempera- 
1 ttire. 

Niaa- 
ber of 
tests. 

1 

? Average 
! cubic cen- 
1 timeters 
j O*. 

Average 
cubic cca*, 
timeters 

o*- ‘ 

berot 

tests. 

/Rtira! New Yorker.. 

! "C. 

21 


S 5. 0 

14. 1 ' 

4 

\ Do . . . 


3 

I 0 


[ Bo... 

Do. 

1 Do.. 

.. 19 to 20 

.! 20 to 21 

4 

4 

7 .S 

\ 9. 2 

( . 

17.0 ’ 

17.9 

18.6 

S 

9 


. ..I 29 to 20 


j 

22. 4 

. 

7 



s 

! 8,9 


....... I 20. 5 ' 

4 

1 5 ‘ 0 

j 7.4 



"Karlv Rosf*. ... 

.‘ 21, 0 

! I 



fWoodbnry^s White Rose. . . 

.... . * ? XQ. -1 

! 

1 

; 12.3 i 

4 

1 Do.. . 


1 4 

j 10. 4 


1 Do . 

. . ^ 2 
22. 5 


; 3 =*- 3 

XI. 7 

4 

5 
4 

[Prince Henry . ........ 

, ..i IQ, 2 


? 

Do .. 

.i 21. 0 



22. 4 i 

,1 Do. ...... 

....... i 22.2 

i 4 

6.4 


1 Do ..... 



i 

1 7 " 9 



j Portuguese Purple . 

. [ 22. 5 



28. I 

4 

\ Do . 

.; 21. 7 

I 

'1 

1 to. 5 




t 




Average. ,. -.. 



J 7. 8 

: 17 . Q ' 





? 




a Results of deten»matioiis for tubers of one plant are indosed Sn braces- 


The tables show the effect of this parasite in producing acidity in the tis*^ 
sues it infects, the average acidity of healthy tissues expressed by Ph 6.49, 
becoming Ph 6.00 in the warts. In no case does the acidity of healthy 
tissue approach that of diseased tissue. This, indicates that theoTgaaism 
will be found to be an acid producer when it is successfully cultivated 
on artificial media and gives also the range of acidity for its activity in 
the host tissue. Similarly, catalase activity is very much greater in the 
overgrowths than in normal tubers, the values being expressed respec¬ 
tively by 17.9 and 7.8 cc. of O3 evolved. In no instance does the catalase' 
activity of healthy tubers approach that of w'axts by nearer than 10 per 
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cent, and in most cases is much less. The data therefore show con- 
cliisivelv that a strong positive correlation exists between catalase 
acti\”it3o and growth e^^en though the increased acidity of the medium 
would tend to increase the rate of destraction of catalase. 

From the several studies here summarized, in which decreased acidity 
lias been shovm to be correlated with production of overgrowths and 
high catalase activity in two instances ^ and increased acidity with over- 
^growtli production in the present case, it must be concluded that such 
changes in acidity have little to do with catalase or overgrovlh, unless 
it should be foixnd that increasing or decreasing the acidit];- toward a 
certain value l}dng about 6,oo favors groxvth in the tissue affected. 
Acidity changes overlapping this value have not yet been found, but in 
tb.e three cases investigated changes of reaction toward this value have 
been associated witli overgrowth production. Further data are needed 
for deciding this point. It is remarkable how close the value for wart 
tissue' lies to Ps 6.00. It varies not more than o.i Ph from this value, 
although the acidities of different potato varieties vary as much as 0.5 
Pa from each other. 

It is evident from Table I that differences in the acidity of the potato 
varieties are not associated with resistance to the disease as shown by the 
production of overgrowi:hs. 

SVmUiRY 

A study was made 01 h37'drogen~ion concentration and catalase activit}’’ 
in a new type of plant overgrowth, the wart disease of the Irish potato 
caused by Ckrysophlyctis endohiotica. 

The ht^drogen-ion concentration of wart tissue is constantly greater 
than that of healthy tubers from the same plant, the values being repre¬ 
sented b}?- Ph 6.00 and Ph 6.49, respectively. 

Catalase activity is much greater in the wart tissue, the values being 
represented by 17.9 cc, of O3 for diseased and 7,8 cc. for healthy tissue. 

Catalase activity is strongly correlated with growth in spite of the 
higher acidity of the proliferation. This differs from other t3T)es of plant 
overgrowths previously studied in which diminished acidity is correlated 
with increased catalase and growth activity. 

Differences in acidity of the varieties are not associated with immunity 
to the disease. 

^ Mmvm, R. B. SSLATION of CATAI^ASB, oxidase and H-t CONCENTBu“iT10N TO THE FORMATION OF 
'OfKaGROWTHS. In Amer. Jotir. Bot., v. 7, no. 5. p. 211-313. rsao. 

miKDEiJING FS0C1SSS IN PIANTS AND DEVELOPMENTS FROM FROST miOSY. /« JOUI. Agt. Re- 

V. 15, sio. 2, p. 83--112, 3 fig., pL 7-Z1 and A (col.). 1918. Literature cited, p. 




EFFECT OF CROWNGALL INOCULATIONS ON 

BRYOPHYLLUM 

B3' E^wirc F. Smith 

Pathologist in Charge^ Lahoraiory of Piard Pathology, Bureau of Plard iKdtuiry, Untied 
States Department of AgricitIture 

In November, 1919, Michael Levine publislied a paper ^ in which 
he called in question some of my recent v;ork on crowngall,- maintaining 
as the result of Ms own experiments: (i) That the shoots found in leafy 
crowngalls origmafe from the iiimor tissue rather than from groups of 
normal totipotent cells disrupted and set grotdng by the growth of the 
tumor as I have maintained; and (2) that if my theoiy of embirroinas is 
correct any totipotent tissue should be set growing — for example, dor¬ 
mant buds — yet in Bryophylhini calycinum- Salisb. the crowngall organism 
{Bacterium tumefaciens Sm. and T.) has no stimulaiing effect on ike formu- 
Horn of shoots, but rather an inhibiting effect. 

I had never tried Bryophyihini calycinum for crotvtigall inoculation until 
after the appearance of Mr. Levine's paper; then it seemed worth while 
to make some experiments with it. From statements in his paper I 
thought the plant might react differently from tobaccoes, geraniums, 
and other plants which had given me numerous crowngalls containing 
abortive roots or shoots, but I have not found it to do so. In fact, 
working on the same plant and using the same microorganism (the one I 
originally sent to Ms colleague, Dr. Isaac Levin) I have obtained results 
quite like those obtained on other plants, as may be seen from the illus¬ 
trations accompanying this paper. 

In passing, it may be said that removal of leaves from the parent plant 
before inocuiation is not good technic because they would then have 

^ UETOSTB. Mickjel. studies on PEANT cancers. 1. the mechanism op the PORaiAtlON OF THE ESAFY 
cRO'WTsr GAEL. lit Bill. Toirey Bot. Cinb, v. 45,320. ii, p. 447-452, pi. 17-1S. 19119. Abstract m Exp.S.ta. 
Rec., V. 43, ao. 3, p. 242. i^ac. Tbe saiamary and condusioas of 3 ilr. Levine’s paper are as follows: 

" I, Baderiufn iumefackns inoculated by pricks of a delicate needle into the marginal notches of a leaf 
“‘f BryopkylluM calycmum^ where totipotent cells are present, results la the fotxaiation of a crowngal! a® 
readily in other plants used for inoculation but without leafy shoots. 

** 2, Inoculation of Baderktm tumefockns into the tissue of a leaf of B, caiycinwm- in the -vicinity of a small 
bud causes the fonnation of a gal! and. interferes with the norma! development of the bud'or leafy shoot.' 

“ 3. Inoculation of Bacietium iumefaciens mto the rnidveinof a yotmg or old leaf detached Irotaorat'tached 
to the mother plant results in the derelopmeatof a large gall without the devdopment of leafy shoots. 

“4. Inoculation of Beeleriu m tumefaciens into the growing region of the stem of a yotmg plant causes the 
development of the ordinary cro'wngaH with the occasional and subsequent development of a leafy shoot. 

‘*3. Bacterium iumefackr.s does not caiise the foimatioii of leafy shoots in BrycpkyUum miyemum but 
rather inhibits and retards their no'nnal deve!opm.ent, when inoculated mto the totipotent ceMs which 
appear at the notches of the leal. 

» Smith, Erwin F. croiswgaie studies showing changes in flant sts-uctutses due to a changed 
STIMULUS. Preliminary paper. In Jour. Agr. Research, v. 6 , no. 4* P- iip-iSa, pL iS-ss. 1916. 

-- EMBRYOMAS IN PUANTS (PRODUCED BY BACTERIAL INOCULATIONS). In BuL JohtlS HopkiUS 

Hosp-, V. 23,110.319, p. 377-294,1 fig., pi. 3'6-530ti 14. 19S7. 
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little food and a meager %yater supply and hence be under the worst 
possible conditions for developing tumors and especially tumors con¬ 
taining shootSj and because owing to this procedure one would not then 
be able to distinguish between the specific crowngall stimulus and the 
general stimulus of separation, which in Bryophyllum sets all the leaf 
buds growing. 

Mr. Levine’s most serious criticism is the statement that the shoots in 
crowngall develop from tumor cells. According to my observations the 
crowngall stimulus does not create totipotent cells out of tumor cells, 
but only sets growing those totipotent cells which already exist in the 
invaded tissues. The tumor cell is a disoriented degenerate cell, given 
over to a hasty vegetative grotrth. It is not an embryo cell, and I know 
of no evidence going to show that it can develop subsequently into normal 
tissues, organs, or the whole plant; on the contraiyq it tends steadily 
toward decay. Moreover, since the tissues are not killed, what becomes 
of the bud when inoculations are made in the leaf axil if the numerous 
shoots which appear in various parts of the subsequently developing 
tumor (as for example in Plates 102 and 103) are not growths from dis¬ 
lodged fragments of the bud? Furthermore, when a deep crowngall de¬ 
velops under the normal cortex, the cortex is lifted up and grows with the 
growth of the tumor without being actually a part of the tumor tissue. 
Certainly its cells have normal orientation, function normally, are no 
part of the malignant tissue and have not originated from it, although 
they are borne on it, as in Plate loi. See also Bulletin of the Johns 
Hopkins Hospital, September, 1917, figures 70, 71, 72 (okra tumors), 
,and many other figures which I have published. 

Concerning the tissue of vessels and mature cells contained in the 
substance of crowngalls, one may call it stroma if he likes. Every tumor 
has a stroma (supporting tissues), and it is not likely that the stroma in 
plant tumors would be exactly like that in animal tumors, although the 
amount of stroma is extremely variable in the latter. The cfowmgall 
S'troma is organized along with the tumor and forms an intimate part of 
it, but I can not think that it is necessarily developed out of infected cells. 
We shall not know positively, perhaps, until we are able to stain the 
bacteria in situ. As in malignant animal tumors, the crowmgall stroma 
appears to me to be a growth of normal tissues (vessels and connective 
cells) stimulated by the presence of the abnormal cells, just as the 
stimulated roots and shoots are outgrowths of normal cells; yet the lat¬ 
ter, being no part of the actual tumor tissue, have normally arranged 
tissues whereas the tracheids of a crowngall, being a more intimate part 
',of its structure (stroma), are often contorted into the most bizarre forms 
growth of the tumor. A crowngall in its growth often surrounds 
nctoal: cells just, as^ a cancer may or bears them on its surface. The 
number.vessels; in a crowngall depends not on the activity'of the 
tumor »^'muchas;oa;'the,imttareof the tissue'invaded—that is, a tumor 
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originating in some extremely vascular tissue is itseli very vascular, mitcli 
more so than one originating in a nonvascular tissue, aithough the 
latter always contains some vessels (tradieids) just as any woimd repair 
tissue does. 

To return now to Br^'Ophyllum, when suitable inoculations are made 
under a dormant bud—that is, immediately under a petiole— the, devel¬ 
oping tumor not only stimulates the bud to develop into shoots, as may 
be seen in Plate loi, but sometimes even causes, like the disease in the 
peach tree called the peach yellow’s, a secondary” set of branches to 
appear on such shoots, as may be seen under the arrows in Plate 101. 
Here the tumor-stimulated shoots are the only axillary shoots on the 
plant. Often the tumor tissue subsequently invades the swollen base of 
such a shoot. 

On the contrary, when the inoculations are made directly into the 
leaf axil—that is, into the dormant bud and into tissues immediately 
surrounding it—centers of infection and of active grow'th begin around 
the needle pricks, and these disrupt the bud in various directions, 
wddeiy separating its fragments, as may be seen in thin sections under 
the microscope; and subsequently these fragments are just as certain to 
feel the tumor stimulus and to develop as is the whole bud in the pre¬ 
vious case, only, the food supply and water supply being'divided and 
limited by distortion and rupture of the vascular bundles, the result will 
be the development in the axillary tumor of several to many stunted 
shoots or mere buds, rather than one or two strong shoots. This is 
illustrated in Plates 102 and 103, which are back and front views of the 
same inoculated plant. 

This stimulus, moreover, contrary to lir. Levine, not only causes axil¬ 
lary buds of Bryophyllum to germinate, but also leaf-notch buds. To 
have made his test of any value (conclusion 2), Mr. Levine should have 
inoculated leaves while still on the plant and not after removal, when 
most of the leaf-notch buds will grow indiscriminately whether inocu¬ 
lated or not. Also they should have been young leaves. t\Tien done 
in the right way, the buds, stimulated by crowngall, develop, and no 
others, as may be seen in Plate 104, where out of, about 400 doriii.ant 
buds situated on the margins of the 26 leaves only those on 2 inoculated 
leaves have developed into shoots; and even here, if I had made my in¬ 
oculations only on well-developed leaves some or all of my results might 
have been negative, as happened on one of the lower leaves of this same 
plant. That here the growth of the dormant buds into shoots is attrib¬ 
utable to the inoculations in their vicinity and to nothing else is plain, 
because leaf-notch buds do not develop at all on undisturbed 5"Ouiig 
shoots. In old plants they grow freely out of the leaf notches of old 
leaves which are still green and very firmly attached to the stem—^that 
is, not, pathological—but the order of their development is different—' 
that is, they first appear on the basal leaves and gradually extend, - to 
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■tiiose fai-ther up. In Plate 104 they have appeared on two leaves in 
the middle of a yoimg shoot (uppermost leaves at time of their inocula¬ 
tion) and on these only. Many controls, and also observations extending 
over a period of several years, teach me that this unusual development 
of the leaf buds on an otherwise undisturbed young plant can be attrib¬ 
uted only to the stimulus of the neighboring marginal tumors; and, con- 
sequeiitl}^, the response of totipotent cells in Bryophyllum calyoinum is 
not different from that of similar cells in other plants. 

There remains to consider what will happen when the infected needle 
is thrust directly into leaf-notch buds rather than into their vicinity, 
ivlr. Levine says it results in the formation of a crowngall without leafy 
shoots (conclusions i and 5). Plates 105 to loS are a sufficient reply 
to this, although they represent only a small part of the results ob¬ 
tained. Here single needle thrusts were made directly into dormant 
leaf-notch buds (toward the top of the plant), usually on one side of 
the leaf only;^ and in nearly every case shoots as ivell as tumors have 
'developed, and some of the small, slow-growing tumors bore several 
shoots and roots (35 roots in PI. 108). I had many cases like this where 
shoots developed only from the inoculated notches, other buds on the 
same leaves remaining dormant. Shoots taken from single inoculated 
leaf notches a month earlia- than Plate 105 (which is reduced) are shown 
enlarged five times on Plate 106. Here the small tumors at their base 
can' be seen very distinctly. It will be observed also that the neigh¬ 
boring uninoculated notches are free from shoots. Later both the 
shoots and the tumors became larger. On the small stimulated shoot 
in at least two cases (PL 107) the buds in its longer leaf axils (under the 
arrows) also pushed just as in the shoots of Plate 101 and others in 
'that series. 

Most of the crowngalls produced on midribs of Bryophyllum calycimim 
are free from leafy shoots. They are free, however, not for the reasons 
assigned, but because totipotent cells are rather rare in the midribs of 
this plant, which has sent most of them to the edges of the leaf. Only 
rarely, therefore, might one expect the infected needle to reach' a group 
of such cells. That crowngalls containing shoots and roots may be pro¬ 
duced by midrib inoculations on Bryophyllum is sufficiently e\rident from 
Plates io9"and no. 

, Totipotait cells occur abundantly in the midribs of tobacco, tomato, 
begonia, and pelargonium, but it does not follow that they occur' in the 
same abundance in the midribs of all plants, and especially not in those 
of a 'plant as 'peculiar as this one. Where we know beyond peradventure 

_ 5 TMs was profeaMy not done m Ae b®t way to iaduce a brealaag up of' the bad tissue, since the 
mt tlmist from the margias mward but from some distance iaside the mai-gin outward 
titPoafh the leaf pareackyma, parallel to the leaf stirkce, tmtil it "was judged that the bud had bem 
Te-wfifd, ^ matter always In some dcwbt becaiise.of its, .mvisibility and small size. Tiiree distmct 
' Aoots mn the most I have seen develop fnm such au moadatiou, but uado'ubtedly the bnd can be 
reptuittd « to pTodtice sauch liuger.humb^.of aWots. ■' 
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tiiat there are totipotent cells—in the leaf axils and in tlie leaf notches 
of Bryophyllum —there I ha've got the same results with crowngalh as on 
other plants. 

I undertook to test my conclusion as to the rarity of totipotent cells 
in the midrib of Bryophyllum calycmum in another wzj —that is, on 150 
well-developed leaves by means of sand-bed experiments. The margins 
w^ere trimmed away and after some days the leaves were removed from 
the plants and bedded on damp sand, with the undersurface down, and 
petiole buried. Just before this was done the midribs were cut crosswise 
in from 4 to 12 places, depending on the size of the leaf. After six weeks 
they were removed and examined. Of these leaves, 27 per cent devel¬ 
oped roots (and sometimes shoots) from the base of the petiole, showing 
that totipotent cells are of fairly frequent occurrence in that organ, and 
10 shoots appeared on the margin of leaf blades in spite of the fact that 
they had been trimmed, but, with exception of two cuts on one leaf 
where incipient roots appeared, none whatever (either roots or shoots) 
appeared on the cut midribs, although the conditions were favorable and 
there ivere at least 1,000 opportunities. This tends to confirm, the con¬ 
clusions derived from the crowngall inoculations. I conclude, therefore, 
that shoots are rare in the midrib tumors for the sole reason that totipo¬ 
tent cells are rare in such places. Yet if organs are developed directly 
from tumor cells, as Mr. Levine maintains, then why in the presence of 
such an abundance of tumor cells in active growth are shoots and roots 
so rare in midrib tumors on Bryophyllum? These tumors grow as vigor¬ 
ously as axillary tumors on Br}’'ophyllum or as midrib tumors on tobacco, 
and should we not expect to find shoots as common in the former as in 
the latter, if this h3q)othesis is correct? 

The exact nature of the stimulus that sets the leaf-notch buds growing 
in crowngall inoculation may be left for discussion elsewhere. It is 
sufficient here to have established that, contrarv" to Mr* Levine^s state¬ 
ments, a distinct crowngall stimulus exists for the dormant buds of 
Bryophyllum. 



. PLATE loi 


Middle part of sLoot of Bryopkyllum calychmm, showing results of mocttlation \ntli 
Backrium tmmfacieus (Lop strain) on MaicL lo, 1920. ^ TLe needle was set in liorizcoi’ 
just below the lower left petiole. As the tumor developed it twisted the leaf and 
Aoot and caused the bud above it to grow. This axil was the only one on the plant 
that developed any shoots. Other plants not photographed behaved in the same wa}^ 
The shoots show secondary branching (under the arrotvsj and enormous eiilargeraent at 
the base. At XX leaves were broken of. Root anlage at R. Photographed June 17., 
1930. 
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PLATE 102 

Crowttgall embrj’'oma on Bryopkyilum calycinum. The hop strain of Backrium 
iumefaciem was iiiociilated in upper leaf axils Jamiary 13, 1920, from a 5-clay agar 
streak by needle pricks. Many of the ttinior shoots %vere red or pnrplisli red. Photo¬ 
graphed June 2, 1920, See Dr. Levine s conclusion No. 4. 




PLATE 103 

Same plant as i:n Plate 102, hut showing the other side of the tnmors- Ttimofs with' 
'Shoots in tlisee 4 eal axils. Equally striking results were obtained on another plant. 



















PIRATE 104 


Yoimg' siioot of Bryophyllnm cas-ycimim, sbowing crowiigall stimtslus—tliat is, a pair 
of leaves sending out slioots from their margins as a result of inoculating Bacienum' 
iuniefacwm (hop strain) in the \dcinity of the leaf notches. This pair waS'., plaMy, 
dwarfed. Inoculated Jantiaiy 15, 1920. Actual height of shoot 24 itiches- Some of 
the upper leaflets were knocked ofl in bringing the plant from the hothouse to the 
laboratory to be photographed, but none of these, bore, any shoots. ^There were ,xa 
shoots on the inoculated leaves. ■ Photographed June 7, 1920. 

48496—21 - 7 



PLATE los 


Ftiitl2,er evidence 'tJiat crowngall inoculation stimiilates btid deyelopment. Pairs of 
leaves from two plants mociilated. Jme 2930, and pliotog:rap 1 ied August 31. Heafly 
every inoctilated leaf notck lias given rise to a slioot. Ho shoots fioin the lowi'er (m- 
inbcnlated) leaves or fioni nninocnlated notches on the tipper leaves. From B at X 
proliferated notches were cut away at the end of Jidy for some of the photographs of 
that date (PI 106), These inoculations were, made by single needle thrusts directly 
into the re^oa of the bud. A, natnmi size; B, about one-third natural size. 
















PLATE ro6 


Inoctdated leaf notclies cut away and photograplied July 27, 1920, and eiilai^ed to 
sliow the small tumors distinctly. Each was produced hy a single needle prick intro- 
dncing Bacterium ium^aciem (hop strain). Such shoots developed abotit a month alter 
the inoculation and only from the inoculated notches. Most bore roots also, as in the 
lower,shoot. X S* 



PLATE IC7 

Same series as Plate loS but collected a luontli later. Only tlie five middle notcbes 
' from A to B were iaocuiated.. The arrows point to buds, germinating in the lower leaf 
'sodls. The shoot is pushed out of its ori,giiial location and is now borne on the top of the 
^wing tumor, which,, owing to the method of iaoculatioa already described,' began 
imdenieath it. The tumor proper lies at the base of the triangle T. Immediately 
above this is the swollen base of the shoot normal on its surface (structurally) but dis¬ 
eased within—tliat is, containing groups of disoriented tumor ceils. Inoculated June 
i:x, 1920. Photographed October 20. Natural size. 
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PLATE loS 


CrouTEi.gall Irom a leaf notcliof Bryophyilmn calydnum, lowing 3 slioots and 35 roots. 
Tlie arrow indicates the dividing line between naked tnmor tissue (below) and the 
stretclied^ lifted up cortex (above) wMcli contains normally oriented ceils and sttr- 
ronnds disoriented tumor cells. Rs, roots; R, ptished up cortex where a root origi¬ 
nating in tire pericycle of the larger shoot has not yet reached the surface. At X 
another leaf notch w’as inoculated, but the tumor tissue (shown to be present by means 
of serial sections) is quiescent and the shoot is barely •visible; yet judging from results 
obtained on'the orange,^ it might later have developed into a tumor as large as the 
upper om, especially if that had been removed. Inoculated June xi, 1920. Photo¬ 
graphed September 22. X 5 - 

i Smith, iErwia F, ax isttkootction to bactsjriax diseases or puaxts. Fig. 342. Pbiladelpiiia, 
md I,^ofldoa, 592c. 



PLATE 109 

A. —’Side view of a pmre white midrib tumor on', Bryopkyllum mlycmuMf sliowing 
at 5 two pale green shoots. 

B. —Vertical '\iew of A, showing the green shoots at either side of S and at X the 
twisted leaf blade in cross section. The leaf was bent double by gro'wtJi of the tumor. 

XS* 



Plate f09 



















PLATE im 


Mdrib crowHgall 021 Bryophyllum calycinum, siiowiag 5 itsots developiag tem one 
of the tumor lobes at X. There were also 26 roots developing from other lobes tmda* 
the arrow. Midrib at .M. Midrib tumors on three other' leaves, in this series sIm 
showed roots. Inoctilated June 23, 2920. Photographed November X S* 




EFFECT OF THE LENGTH OF DAY ON SEEDLINGS OF 

alfalfa varieties and the possibility of 

UTILISING THIS AS A PRACTICAL MEANS OF IDExN- 

tification 

By R. A. Oakley, Agm-mmist, and H. L- WssroYSR^ Agrmiomutf Forage Crop 
InvesUgaiioK^^f Btireauof Plajiilndusiryi, Untied States Deparitneni of Agrkuiiure 

At Arlington Farm, Va., a few j^ears ago t]ae writers noted striking 
differences in the habits of growth of young seedlings of the commercial 
varieties of alfalfa produced from seed sown in the early fall. The 
differences in height and general appearance were so great that even a 
casual observ-er could easily distinguish certain of the varieties. Not 
having noted previously such a marked varietal difference in seedlings, 
the writers were led to the tentative conclusion that the time of solving 
wasj in some measure at least, responsible for the phenomenon. To ■ test 
the validity of this conclusion, experiments were conducted the following 
year in which Peravian/ Kansas," Canadian variegated, Grimm,, and a 
yellow-fiowered alfalfa (Medkago falcata L.) irere sown at Arlington Farm 
in the early fall The same striking differences that had previously 
been obseiwed were noted. However, May and June sowings at Arlington 
and also at North Kidgertlle, Ohio/ showed no such marked varietal 
characteristics. This, in a measure, confinned the conclusions the 
wTiters had reached and suggested further investigations, which were 
subsequently conducted. 

POSSIBILITY OF DISTINGUISHING YARIETILS OF ALFALFA IN THE 

SEEDLING STAGE ^ 

In addition to studying the effect on alfalfa seedlings of sowings male 
at different times of the year, it occurred to the writers that it might be 
possible in this connection to develop a practical method of identifying 
various alfalfas in a relativel}’ short time after samples of seed are avail¬ 
able. Such a method would be useful, indeed, especialy in identif}dng 
the Grimm and Peruvian varieties. In fact, it was chiefly to find a 
means of identifying alfalfas quickly that detailed studies of seedlings 
were undertaken. 

Partly because of availability of location and partly for the purpose 
of testing the effect of latitude on the growth of alfalfa seedlings, 

1 All references to Penivian alialfa m this publicatioa are to the halrr strafe. 

® For the sake of convenience the term Kansas alfalia refers to the ^eeiosiai strafe of cotaiaoti alialfa pro- 
dticed ill Kansas. 

^ Experiments inducted cooperatively with the Ohio Agrimltiiial Experimesit Station at Xorth Sidge- 
ville, Ohio, about 3 miles north of Elyria, 

* For the sake of coavemeace the term variety is lased fe its broad sease to mean regional strafes as well 
as distiact hortictiltural varieties. 
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sowings were made at North Ridge^dlle, Arlington Farm, and Bard, Calif, 
Early September sowings gave practically the same results at North 
Ridgeville as at Arlington Farm. The late fall and early winter sowings 
at Bard produced seedlings of much the same appearance as those from 
early September sowings at North Ridgeville and Arlington, This was 
also true of December sowings in the greenhouse at Washington. May 
and June sowings at Arlington and North Ridgeville showed practically 
no difference in the rapidity and habit of growth, of the varieties tested,. 
A range of field sowings from August 26 to September 16 at Arlington 
showed that five to six w-eeks of growing weather at that time of the year 
are required to produce plants of a satisfactor}" size for studying the 
varietal characters of the seedlings. The late August and early Sep¬ 
tember sowings gave good results, but September 16, in this particular 
case, proved to be rather late. 

From these tests it was evident that by sowing seed in late summer or 
early fall in the latitude of Arlington,, and northward, it is easily possible 
to determine w-hether a given lot of alfalfa is of the Perumaii variety, 
the common variety (such as the various regional strains) or the varie¬ 
gated (such as the Grimm, Baltic, and Canadian variegated). From 
spring or summer sowings, especially in the North, the varietal differ¬ 
ences exhibited are hardly great enough to be regarded as sufficient for 
the untrained person to recognize with certainty. Thus far in the 
investigations this me'thod is limited in its application to field sowings 
in the fall in the North and to idnter sowings in the extreme South. 
It is also limited to distinguishing between groups of alfalfas, such as the 
common or the variegated, rather than between the strains in these 
groups, as for example the Kansas-grown common strain and the Dakota- 
grown, common strain or the Grimm, Baltic, and Canadian variegated. 
But the method makes it easily possible to distinguish between the 
Peruvian and the other alfalfas. 

COMPARATIVE CHAR-^CTER!STICS OR SEEDLINGS 

The differences that were most noticeable in the seedlings resulting 
from fall sowings at Arlington were those of height, branching, and 
compactness. The Peruvian produced erect, sparsely branched seed¬ 
lings of greater height than those of the other varieties. They were also 
more nearly uniform. The seedlings of the Kansas variety very closely 
resembled those of the Peimdan variety in uniformity and general habit 
of gro'i\ih but were not nearly as tall and showed mote of a tendency to 
send out basal branches. The Grimm seedlings were much shorter, 
more branched, and less erect than those of the Peruman or Kansas 
tKalfaa.' They also showed more variation 'than these varieties. "The 
seedBngs Medkago fcdcaia were uniform, very short, and exhibited 
'E'f 09 ette*ike habit. The Grimm seedlings were nearly intermediate 
between^ the Kansas 'and M. foicata. The difference between the seedlings 
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of the several varieties is well illustrated in Plates iii and 112. While 
there were some differences between the seedlings of the several varieties 
from May and June sowings, the Kansas and Grimm more nearly ap¬ 
proached those of the Peruvian in height and very closely resembled 
^ch other. The Grimm seedlings did not take on the branching or 
rosette-like habit of growth so characteristic of seedlings from fall sow¬ 
ing's. The spring seedlings of the Grimm were also much more tiniform 
than the fall seedlings and closely resembled the Kansas and Peruvian in 
this characteristic. (PI. 113, 114, 115.) 

REbATlOX OF ALFALFA SEEDLINGS TO PHOTOPERIODISM 

After a study of the beharior of the alfalfa seedlings from sowings 
made at different times of the year and at different latitudes it was 
concluded that the marked differences exhibited by seedlings of the sev¬ 
eral varieties from fall sowings at Arlington and North Ridgeville were 
due chieiy to the effect of cool weather. With no marked varietal 
differences from tlie May and June sowings, this conclusion seemed 
entirely justified. The si.gnificance of the fact that greenhouse tests 
made in December at Washington produced striking differences between 
the varieties was not appreciated by the ’^rxiters at tliat time. Later, 
however, the results of Gamer and Allard ^ from their investigations in 
the photoperiodism of plants caused the writers to suspect that the 
length of day might, to some extent, be involved in the phenomenon 
exliibited by the seedlings of the various alfalfas included in their studies. 
Consequently experiments were outlined and undertaken in the green¬ 
house on the Department of Agriculture grounds at Washington. On 
January 20 seed of Peruvian alfalfa, Kansas, Grimm, Turkestan, and a 
strain of Medicago falcata was sown in three flats. One fiat was given 
the effect of the normal length of day, one was put in total darkness at 
4 p. m. and left there until 9 a. m., and one had the length of day aug¬ 
mented by an electric light and reflector placed about 2 feet above it. 
The light was turned on a half hour before sundown, each day and turned 
off at II p. m. The length of both the short and long'day was fixed 
at what \Yas regarded as extreme. The former 'was fixed largely m" a 
matter of convenience to suit the working hours of the gardener and the 
latter to insure the effect of a considerably increased period of illuinina- 
tion. The day-night treatments apparently produced no effect on the 
germination' of the seeds, but as is almost invariably the case the If. 
falcata seed germinated more slowly and unevenly' than the others. 
The Grimm and Turkc'Stan resembled the M. falcaia in a general way in 
these respects. ' The Peruvian and Kansas seed■ germinated with about' 
the same rapidity and uniformity. The differences, ^ if any, were in 

i Gai£N3r, W, W. , and Ali.ari5, H- A. sipfSct of ths rki^ative hmcm Of bat mn mighx mn mmw ; 

FACTORS OF tHE ESTtROJOiSEKt GROWTH AJffB REPRODTJCTSOH IS VhKXtS, 'JuJOUT Agt. Rcseailftt 
V. xS, 310, xx, p. SS3-4 o 6.' 3 fig.» Pt l4tfiTature ditoi, p.; .6o'S-6o6. ■ ■ 
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favor of tlie Peravian, Ten days after the seedlings emerged some 
differences' were evident. These differences increased rapidly, and on 
Ifarch 3 typical plants from each series were removed to the laboratory 
and photographed. The photographs tell the story. (PL ri6“i2i, A.) 
The seedlings given the normal day which, at this time, was of about the 
same length as the average October day, behaved in practically the same 
manner as those growm in the greenhouse from December sowings and 
the same as those produced from early fall field sowings at Arlington. 
The seedlings under the light of the short day—from 9 a. m. to 4 p. m.— 
exhibited the same varietal differences as those under the nonnal day; but 
the differences were accentuated, as the photographs indicate. The seed¬ 
lings gro\TO under the long da}"—^under the day with added iliumination 
from twilight until up. m.—behaved quite differently from the others. 
The seedlings of AL faicafa instead of being short and rosettelike in 
habit, grew erectlir with no branching and attained practically as great 
a height as any of the seedlings in the three series, up to the time photo¬ 
graphed. Later on, however, these seedlings -were overtaken by the 
other varieties. The Grimm and Turkestan behaved similarly to if. 
faJcaia; and, vAereas the PeruAian and Kansas seedlings were erect, 
tiiey failed to keep the relative position with regard to height which 
tliey held under the normal and short day. ■ la brief, the abnormally long 
da}" produced almost a reversal of order in the matter of height and to 
a degree a reversal in the habit of growth. The temperature of the 
greenhouse in which the tests were conducted ranged from 50® to 60° F, ; 
and while the electric light under which the long-day seedlings were 
placed produced a slight rise of temperature, this did not quite equal the 
temperature inside of the dark chamber and is considered insignificant so 
far as its effect on the general results is concerned. The dark chamber 
was a wooden box 3 by 3 3 feet, of J/s-inch material with light-tight 

ventilators, top and bottom. (PL 121, B.) With the factor of tempera¬ 
ture ATTtually eliminated, it seems fair to conclude that the phenomenon 
of difference in habit of gro’ivth of seedlings of alfalfa varieties obtained 
both in the field and greenhouse experiments herein described was due, 
for the most part, to the day-night relation of the varieties. 

REACTION OF VARIETIES AND SPECIES TO LENGTH OF DAY IN ACCORD¬ 
ANCE WITH REGIONAL DEVELOPMENT 

The evidence is quite clear that Peruvian alfalfa grows best in com¬ 
parison, with others under the relatively short day while the strain of 
Medicaga falmta^ used in these experiments' produces its best grow-th 
tinder the relatively long day. It also seems to be true that the Kansas 
.stfain resembles the Peruvian in its day-night relations while the Grimm 
rexmbleS'the M. fai^caia. This is not surprising. The Peruvian variety 
was developed near'the Equator where the days 'are always, about 12 
bO'tirs long. ' The Kansas, which is the result of several, seed generations 



July 15. i9'« Effect of Length of Day on Seedlings of Alfalfa 603 

grown in that State from origmal stock probably produced in sontbem 
latitudes, iiiust therefore be regarded as a soiithem strain. The If. fai- 
cata was from the original stock secured by the Department of Agri¬ 
culture from eastern Russia. The Grimm strain is a hybrid bet\¥een M. 
safiva L. and ilf. fakata that has been locally gro%TO in northern latitudes 
for more than half a century. The Turkestan used in this case behaved 
much the same as the Grimm; but other lots will doubtless show- con¬ 
siderable variation in this respect because of the great range in compar¬ 
ative length of day in different parts of Turkestan. The relation betw-een 
locality of origin of the various alfalfas and their reaction to the day- 
night period is shoivn consistently. 

The day-night experiments herein described throw light on some ques¬ 
tions that have perplexed students of alfalfa in this country. It is well 
known that the Peruvian variety in the' Southwest continues growth 
later in the fall than the other commercial varieties and begins growth 
earlier in the spring. This fact led Brand ^ to conclude that it was able 
to grow at a lower temperature than the other varieties. He applied 
the term,‘‘zero point'* to the minimum temperature at which growth, 
takes place and classed Peruvian alfalfa as a variety with a low 'zero 
point. From subsequent investigations it was found that while Peruvian 
alfalfa continues growth late in the fall and begins it early in the spring 'in 
the Southwest and even as far north as Washington, D. C., it does not do so 
at RedfieldyS. Dak., and other northern points. Oakley and Qarvtr^ were 
of the' opinion that this phenomenon was due to the effect of very low 
temperature to which the variety was subjected in the North. It is 
quite clear now 'that this explanation is not the proper one, for although 
temperature bears an important relation to growth, it is its day-night 
relation that causes Peruvian alfalfa to have ,a longer growing period 
than the o'ther varieties in the South and to 'have the same or, even' a 
shorter growing period In the North. The northern varieties do not 
thrive under tlie short day of southern Arizona and California, but they 
can more than compete with the Peruvian under 'the long day of the 
North. At Redfield the growing season does not extend far into the 
short days of late fall or winter, neither does it begin in the spring uu'til 
the long days have arrived. Dow temperature in the fall checks the 
growth of Peruvian alfalfa in the North before the short days give it the 
advantage over Medicago falmia^ Grimm, and' other northern ^ alfalfas. 
Low temperature also holds the,,Peruvian'back in the spring until the 
long days arrive under which the northern alfalfas grow most rapidly. 
An explanation is now found for the fact 'that while,Grimm alfala gives 
better yields than the Kansas in the North it does not do so as far south 

^ Branb. Cliarles J. Peruvian alealpa: a nbw long*season po* the southwest. 17 .' S. 

Aer. But. Piant ladtis. Bui. iiS, 3 s P*i. 3 pt ish»7* 

s Oaio^ey, R, a., and Garver, SainueL mebicago pabcata, a yelbow-iItOwseeb ABfAU4%. 17. S. 
B^t. Agr. Bill. 43S,, 70 p., 23 %•» 4Pt niteratxirc cited, p. 67-70. 
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as Virginia. It is an easy matter now to accotint for the fact that certain 
lots of imported Turkestan alfalfa give comparatively high yields at 
RedfieM and other northem points while the yields are comparatively 
low in Yirginia and other southern States. 

As a result of Gamer and Allard’s^ discovery of the photoperiodism 
of plants it appears necessary to change the recommendations commonly 
made in regard to the range and adaptation of alfalfa varieties. Instead 
of recommending the use of southern varieties, such as the Peruvian 
and Ransas, as far north as they are hardy, these varieties slioitld be 
recommended for as far north as the length of day during the growing 
season gives them an advantage over the northern alfalfas that ^deid 
comparatively better under the relatively long day. There is a differ¬ 
ence between the two t^^es of recommendation, especially along the 
Washington and Oregon coast and in such areas as the Judith Basin, 
Mont., where the winters are not so severe as at some other points of the 
same latitude.. Peruvian alfalfa as a rule does not winterkill in the 
former region, and the Kansas seldom winterkills in the latter. Both 
sections have a length of day during the growing season that favors the 
Grimm and its allies. As a matter of fact, the Grimm has given, somewhat 
t>etter yields than the Kansas at Moccasin, Mont. The day-night rela¬ 
tion of alfalfa is a much better measure of the adaptability of the varieties 
than, their ability to endure cold and unfavorable winter conditions 
generally, as is indicated by the fact that Kansas alfaffa is sometimes 
hardy in the North where the length of the day is less favorable to it 
than to the Grimm and other northern varieties. 

It is .believed that by the methods followed by the writers in their 
recent experiments it will he quickly and easily possible to tell witfiin 
reasonable limits from a given lot of alfalfa seed in what sections it will 
give the best yields of hay as compared with other varieties. It may 
even be possible by this method to determine in a measure to what 
extent it is winter hardy. Investigations are now being made in this 
and it is confidently expected that a careful study of the day-night 
relations of .alfalfa wdll throw considerable light on the subject of the 
development of regional strains. 

HOW ALFALFAS MAY BE IDENTIFIED BY SEEDLING CHARACTERS 

It, is exceeding!}^ difficult if not impossible to identify varieties of 
alfalfa by seed characters. Where identification is important, as it is 
in many cases, any short-time method that will assist in accomplishing 
it is u^ul. It is generally possible to distinguish between imported, 
and domestic'Swd by the weed seeds and other incidental impurities 
mntaiaed in the' 'sample. This is particularly true' of imported seed of 
. Turkestan.' alfalfa, but it is practically impossible to distinguish seed of 


* GjmK5*,,W. of. err. 
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Grimni alfalfa from that of other domestic varieties. Analysts^ it is 
true, become very expert in identifying kinds of alfalfa seed by varions 
pieces of evidence, including weed seeds, dust, and all incidental impuri¬ 
ties, as well as by color, size, and percentage of hard seed. But even 
seed analysts can not always make the critical determinations 'that are 
necessary. To the less well-trained person the seed of all varieties of 
alfalfa is very much alike. 

By sowing seed in the greenhouse, as was done in the experiment 
herein described, it 4 s possible within three or four weeks to distinguish 
seedlings of one kind from another. If this method is used, it is highly 
desirable to have on hand viable seed of the most important commercial 
alfalfas and of at least one strain of Medicago falcata to be used in making 
the necessart'comparisons of the seedlings. As a simple method to follow, 
it is suggested that the seed of the lot or lots to be identified be sown in 
rows in small fiats in which adjoining rows are sown with seed of the 
Permian, Kansas, or some southern-grown common strain, Montana, 
Dakota, or some northern-grown common strain, Grimm, and a strain of 
I\'L falcata. For best results there should be three flats, each sown in 
the same way—one fiat to be subjected to a short clay, one to an abnor¬ 
mally long day, and one to the normal day as it exists at the time the 
tests are made. The normal day series may not be necessaiy’", but there 
are some advantages in including it as a control. It is suggested that 
the day be shortened for the first series by putting the fiat in a room with 
light excluded or in a box such as is shown in Plate 121, B, at 4 p. m. ^ 
and leaving it in total darkness until 9 a. m. This gives a sufficiently 
|ong day for the necessary photosynthetic action and at the same time 
it is short enough to produce quick and striking differences in the seed¬ 
lings of at least certain of the varieties. The length of day may be 
augmented for the second series by using a tungsten bulb of 100 %vatts 
and a reflector as shown in Plate 121, B. It is suggested that the light 
be turned on at dusk and turned off about ii o*clock p. m. This gives 
an abnormally long period of constant illumination, but such a period 
is helpful in producing striking results quickly. By the use of both the 
short and the long day the differences between the northern and southern 
alfalfas are better shown. The normal-day series adds ,evidence when 
the differences of the seedlings are studied.' 

While it is not possible by this method to distinguish between certain 
closely related varieties or strains such as the Grimm,' Baltic, and Cana¬ 
dian variegated, these strains as a group can be positively distinguished 
from the common and other commercial strains by the general habit 
of growth and lack of uniforinity of the seedlings, \%ile the Turkestan 
seedlings can easity be distinguished from the Kansas by their height 
and lack of uniforiiiity, they resemble those of the Grimm closely enough 
to make positive identification difficult. Since there is great diversity 
in the various lots of Turkestan seed that are imported coinmemially, 



6o6 


Vol. XXI» No. s 


Journal of Agricultural Research 


it is probable that weed seed and other impurities in the seed will be 
more satisfactory than the seedling characters as a means of identification. 
The regional strains of common alfalfa may be distinguished from the 
Pemvian, on the one hand, by their more rapid very early growth under 
the long day and from the Grimm, Baltic, Canadian variegated, and 
Turkestan, on the other, by their greater height, erectness, and uniform¬ 
ity under the short day. Table I sets forth briefly the characteristics 
of the seedlings of the various alfalfas under the different lengths of day 
as determined by experiments conducted in the greenhouse at Washing¬ 
ton, I). C. 

Table I .—Characteristics of seedlings exposed to varying periods of light daily. Sown 
in greenhouse January 20 ; notes taken on March j, I ( J 2 I 


Varieties. | 

i 


Exi»sed to normal day 
with electric light from 
dtssk to It p. m. 


Exposed to norma! day. 


Feniviau. ..j Erect, no branching, 

i height 5 inches. 

Kansas «... I Erect^ no branching, 

, ^' height 4 >2 inches. 

Grimni.. I Elect, no branching, 

’ height 4V5 inches. 


‘ ! 

Turkestan..... .j Erect, no branching, | 
! height inches, j 


Erect, no branching, | 
height 3^ inches. ! 
Erect, no branching, i 
height inches. % 
I/>w and spreading, | 
stipules enlarged, i 
branches just I 
Rowing, height 2}4 \ 
inches. 1 

1/3w and spreading, j 
stipules enlarged, I' 
basal' shafts just j 
showing, height 2 j 
inches. ; 


AIedimgofalcaia.\ Erect, slender, no ; Eow and rosette-like, j 
branching, height | stipules conspicu- ’ 

5 inches. | ous. height iJ 4 i 

I inches. ; 


Exposed to daylight from 
9 a. m. to 4 p. m. 


Erect, no branching, 
height 3 inches. 

Erect, no branching, 
height 2K inches. 

Low and spreading, 
rosette-like, stip¬ 
ules enlarged, basal 
branches just show¬ 
ing, height 2 inches. 

Low and spreading, 
rosette-like, stip¬ 
ules conspicuous, 
basal shoots just 
showing, height 
inches. 

Low and rosette-like, 
stipules conspicu¬ 
ous. height I inch. 


<3 These measarements were taken too late to show the proper rdation between seedlinjrs of the Kansas 
had, those of the Peruvian. ' 

By the use of this method and by the aid of such facts as can frequently 
be had regarding the lots of seed to be identified, it will be found possible 
in many cases to make a reasonably certain varietal identification. The 
method is offered especially to Experiment Station workers and those 
engaged in the administration of alfalfa seed certification activities' as 
an aid to and not as a positive means of identifying varieties. It is rec¬ 
ognized that the work herein reported upon is far from complete, but 
investigations are now being conducted to make it more comprehensive 
amd iisefuL 

'',Tlie method involving the sowing of seed in the field is not recom- 
where a greenhouse is available- It is less certaiii and its use is 
lliiited„to sections where the short days of the year are sufficientiy warm 
' to growth. '' 
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SUMMARY 

\%eii seed of Peruvian^ Kansas-grown common^ Grimin, and Tiirke- 
stan alfalfa are sown in the early fall in the approximate latitude of Wash¬ 
ington, B. C., the seedlings develop characteristics that make it easily 
possible for the casual observer to distingmsh one variety from another. 
Seedlings from spring somngs did not develop differences at Washington 
or in northern latitudes in the United States that would be apparent to 
the untrained eye. Seedlings from greenhouse sowings in December at 
Washington showed essentially the same distinguishing characters 'that 
were shown by early fall sowings in the field at Arlington. 

At first it was concluded that the temperature of the fall days was 
responsible for the striking differences shown by the alfalfa seedlings. 
However, the results of Gamer and Allard’s work on the effect of the 
length of the day on the growth of plants suggested the adTOability of 
grooving alfalfa seedlings in the greenhouse under artificially lengthened' 
and also under artificially shortened days. 

Three series of stnaJl flats were sown -with seed of Peruvian, Kansas, 
Grimm, and Turkestan alfalfas, and Medicago falcaia on January 20,1921. 
One series was allowed to hav^e the effect of the normal day, one was gi'v^en 
the effect of a day shortened by the use of a light-excluding box placed 
over the flat at 4 p. m. and allowed to remain until 9 a. m., and one "was 
given the effect of a day lengthened by turning on an incandescent, 
electric light at dusk and turning it off at 11 p. m. The seedlings grown 
under the no'imal and the shortened day behaved essentially the same 
as those from sowings made in the early fall at Ai-lington. In height, 
erectness, and lack of branching the varieties ranged as follows: Peru¬ 
vian, Kansas, Grimm, Turkestan, M. falcata> Seedlings under the length¬ 
ened day showed striking differences between the varieties but behaved 
in practically the reverse order from those under the normal and the 
shortened day. At the end of the first month the seedlings of M, falmia 
and Grimin exceeded those of the Peruvian and Kansas varieties in height* 
They were also quite as erect and unbranched. 

Prom these experiments it is evident that it is the day-night relaticm 
of alfalfas and not their reaction to temperature that causes the develop¬ 
ment of marked differences between the seedlings of the various varieties 
when seed is sown at cmain times of the year. By the proper control of 
the length of day, which can be accomplished in the greenhouse at any 
time of the year with little trouble or expense, and by the method us'Cd 
in 'these experiments it is easily possible to distinguish 'l>etw«n seedHngs 
of the commercial groups of alfalfas. The tests can be so quickly and 
easily made that the method is offered especially to Experiment Station 
workers' and those engaged in alfalfa seed certification work as a means 
of assisting in the identification of the various lots of seed. 

48406®—21—S 



PI^TE III 


A. —Peruvian alfelfa sown at Arlingtcm, Va., September 6. Photograpbcd Decem¬ 
ber 5,1916. 

B. —Kaansas alfalfa sown at Arlington, Va., September 6. Photograpbed December 


S, 1916- 
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PLATE II 3 

A.—Grimm alfalfa sown at Arlmgton, Va., September 6. Photographed December 
S» 

B*—Medkago fakaia sotni at Arlington, Va., September 6. Photographed Decena* 
ber 5, 1916. 



PLATE IT3 

Femviaa alfalfa sown at Nortk Ridge% 4 Ile, Oliiof May 3, 
ii 1919. 



Specimens taken July 




3 




, PLATE 114 

Kansas ■ alfalfa' soim at North Ridgeville, Ohio, May 3. Specimens taken July 
1919- 




PLATE 115 

Grimm alfalfa sown at NortU Ridgeville, Ohio, May 3. Specimens taken July i, 

1919* 
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PI.ATE ii6 


Peruvian alfalfa sovra in greenliouse Jantiaiy 20, Hictogmptei Mairdi igat* 

A. —Grovm under nonria! day with added iMmraiatiaE ifoia a locKwatt elecfade 
light from dusk until ii p. m. 

B. —Cro\m under normal day. 

C. —Exposed to dayEght from 9 a. m. to 4 p. m. 



PIRATE 117 

Kaitsas alalia'sown ill greetiliouse Jaiiii'ary 20. Ptiotograpkcd Marcli 3, 1921. 

A. —Grown tinder normal day with added illtimination from a 100-watt electric 
liglit from dusic tintil ir p. m. 

B. —Grown under normal day, 

C. —Escposed to dayligM from 9 a, m. to 4 p. m. 







* 4 * 





PLATE iiS 


Turkestan alfalfa sown m greenlioiise January 20* Pliotograplied Mareli 3, 1921- 

A. —Gmvm under nonnal day witk added illuminaticsfii fmm a loo-w'att electric 
ligM from dusk until ii p. m. 

B. —Grown under norma! day. 

C. —Exposed to dayligkt from 9 a. m. to 4 p. m. 



PLATE 119 

Gramn alfalfa sora in greenbonse Jantian* 20. Photograplied Marcli 3, 1921* 

A. --Grown' under normal day with added' iiiujtninatioH from a xoowatt electric 
light from dusk until 11 p. in. 

B. '—GmTO under normal day. 

' C.—Exposed to daylight from 9 a. m, to 4 p, m. 






Plate 120 
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PLATE 120 


Medicago falcaia sotth in greenliotise Janiiar}’20. Kioto,graphed Blarch 3# 1921. 

' A.—GroTO under normal day with added illimaination 'from a 100-watt electric 
light from dusk until I r p. m. 

B, —Grown under normal day. 

C. —“Exposed to da^dight from 9 a. ra. to 4 p. m. 



PLATE I3I 


A, -™-AlaIfa seedlmgs s&owing tlie effect of a short day on the growth of different 
varieties. Seed was sown in the greenhotise Janiiaiy 20* and seedlings were exposed 
to light from 9 a. m. to 4 p. m. Photographed March 22, 1921. 

B. —Equipment used in detenninmg the effect of different lengths of day on the 
seedling characters of alfalfa varieties. 













STUDIES IN THE PHYSIOLOGY OF PARASITISM WITH 
SPECIAL reference to THE SECRETION OF PECTl- 
NASE BY RHI20PUS TRITICI 


By L. Iv. Harter, Pathologisi, and J. L. Weimer, Assistant Paihohgisit Ofice 0/ 
CoUotif Trucks and Forage Crop Disease Investigations, Bureau of Pkini Indusiff'f 
Untied Siaies Depariment of Agriculture 

INTRODrCTION ' 

As a result of investigations of the relationship existing between a para¬ 
site and its host some 'knowledge has been obtamed regarding' the manner 
in which the,^infection takes place^, as well as the way in which the host re¬ 
sponds to the attack of the parasite. That some hosts are resistant to the 
attack of certain fungi or bacteria and' not to o'thers is well known, but, 
why 'they are resistant is a subject on which there is altogether' 'too little 
information. Furthermore the number of different hosts which may be 
parasitized' by some of the so-called specialized parasites is at most 
only a few. The mode of infection is fairly well understood, but why a 
particular fungus is restricted to one or a few different hosts is not clear. 
On passing to parasites of a lower order the number of hosts which a 
particular fungus may attack is, in some cases at least, much larger. 
It is well-known fact that some'fungi can produce disintegrationnf the 
host tissues only after a tround has been made through'which they can 
eater, while others have the power to penetrate the epidermis, eith^ 
mechanically or by 'the dissolution of the epidermal cell walls by' enzjmhc 
action. There are, therefore, all degrees of resistance and susceptibility, 
which apparently 'are dependent upon certain properties peculiar' 'te 
either the host or the fungus. In other words, if a fungus can ovOT^me 
the resistance of one host'and'not that of'another’it must''be. that the. 
'one possesses properties which the other does not. ' However/the experi* 
mental'd'ata at"hand''m'e 'altogether too limited to'" j'dstify any sweeping 
generalizations as to what constitutes'parasitism*''' 

Rh^mpm iniui'$mto belongs' tea.large physiological gtoup'of'fiiltgt' 
'which are 'characterized by th'eir ability to destroy the host juicily'and' 
to ''**act:in' advanceof' their growth. ' It is'assinn'ed'^ anii;t'he''ewdenhe' 
of' ,the.' TOters:and "of' .others, seems to justify the' assumption,", that''this' 
'''^•'actiori''in''advancedue toan.'eazym secreted "by'the fimgti.s which. 
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has the power to dissclve certain constituents of the ceil walls so that 
coherence is lost. 

The fungi belonging to this group kill rapid!}’ and by destroying the 
middle lamellae transform the tissues into a mass of more or less isolated 
cells together with a large amount of a clear, somewhat colored liquid 
inclosed by the skin. The fungus secretes a substance which diffuses out 
of the hyphae into the tissue of the host and kills often several cells in 
advance of the fungous threads. The mycelium then must derive its 
nourishment from the dead material in which it is embedded. No doubt 
these fungi, since they li\’e on the dead material thus produced, would 
be classed by some as saprophytes; nevertheless, they differ from true 
saprophytes in that they can attack and destroy li\dng organisms. In 
this sense they are parasites. 

The dissolution of the middle lamella has been demonstrated by several 
investigators to be due to a substance which is eiiz}Tnic in nature. This 
enzym has been considered by most investigators to possess two rather 
distinct types of action on the cells of the host: first, ,a killing action on 
their protoplasmic contents, and, second, a dissolution of certain of the 
constituents of their cell walls. The writers at present will deal only 
with the latter. 

The enzTO which acts upon the pectic compounds of the cell walls, 
causing loss of coherence, has been designated by some investigators as 
pectinase and by others as pectosinase (17) d If it had been definitely 
proved that the middle lamella was largely composed of pectase the 
enzym which acted upon it should properly be designated as pectosinase. 
However, since the composition of the middle lamella has not been defi¬ 
nitely' determined and since,the term pectinase is so wddely used in the 
.literature, the writers have employed it to designate the enzym secreted 
by Rkizopus triiici which dissolves the middle lamellae and produces 
what is termed maceration. 

HISTORICAL 

There is a considerable amount of data published which bear directly 
or indirectly on the physiology of parasitism, but only those which are 
germane to this phase of the subject will be considered here. DeBary (i) 
'was probably among theBrst to detect the activity of a fungous extract 
.in dissolving the cell wall. He showed that the drops, which exuded 
tlie' sclerotia oi Sclerotinia Hbertiam FuckeL, as ivell as the Juice 
, 'expressed from,decayed plant tissues, contained a substance of .the nature 
cjf a ferment which was thermolabile and possessed the power of dissolv¬ 
ing certain constituents of the cell walls. He observed differences in' the 
activity of the boiled and .unboiled extracts, but he was. not able to deter¬ 
mine whether or not,the entire action of the extract^was due to one or 
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more substances. Similar results were obtained by Ward (i6) and Kiss™ 
ling (ii). 

The work of Woxd calls for special consideration. He grew Bo'trytis 
in culture and used the liquid on which the fungus grew, as well as a 
watery extract of the mycelium, to macerate'Ihdng material and came to 
.the conclusion that the entrance of the hyphae into the tissue depends 
upon the excretion of a ferment which dissolves the cellulose. Idaceration 
was in most cases slow% vdiich vras probably due to the fact that cultures 
3 weeks or more old \rere used. Further observations of Ward led him 
to conclude that the ferment sometimes accumulates to such an extent 
at the tips of the hyphae that the cellulose of the latter is dissolved and 
the ferment and protoplasmic contents of the cells pass out in the form 
of small droplets. 

Nordhausen (12) used chiehy the extract from old niycelimn, and came 
to'the conclusion that the action on plant tissue was both enzimic and 
toxic in nature. He did not exclude the possibility that oxalic acid which 
was secreted by Boirytis might play a part. ■ Behrens (2),, on the other 
hand, used the expressed juice from fruits that had been decayed by 
certain fungi. In one case he employed the expressed juice of a pear 
infected with Mucor sMonijer Ehrb. and in another that of an apple 
infected with Penicillmm hdeum Zukal. He found these juices to be 
toxic to plant tissues even after boiling, and from 'tliese results he con¬ 
cluded that the toxic substance was neither volatile nor enzvmic. In one 
case the fungus was allowed to grow three months before the extract was 
obtained. 

Smith {14) compared the mycelial extract of Boirytis with weak solu¬ 
tions of oxalic acid on stems of lettuce. He found that the oxalic add 
alone induced a macerating effect on the tissue similar to that of the 
extract of 'the fungus material, and on the basis of these results came to 
the conclusion that the dissolution of the cell wralls noted is due to the 
oxalic acid secreted by tlie fungus, 

' So far as bacteria are concerned Potter (iy) and 'Van Hall {8) found that 
Pseudomonas destmcians Potter and Baciiius omnivofus V. H^aE, respec.* 
lively, produced enz}mis which were able to dissolve the constituents of 
the cell walls of plant tissues so that coherence was lost. Potter worked 
both with, the expressed juice of a turnip rotted with the organism and with 
the solution on which the bacterium had grown. He claims tliat a toxic 
substance w^as produced, since the boiled expressed juice from a rotted' 
tumip caused the death of, the cells of a raw turnip. He found that the 
organism w^hen'' grown in Pasteur's solution produced oxalic acid wiich 
acts as a powerful toxic agent. It is claimed that,the oxalic acM then 
acts as a toxin in kiHing the cells 'and that, it may also play some part in 
the, dksolution of the middle lamella, Ih' this direction ihe most im|x>r- 
taut work with bacteria is that of .Jones {xo)s rrhO' carried on extensive 
r^eaiches with mrotovorus Jones. ' He found th,at this 
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secreted an enz^iii—pectinase—which has no action npon lignified or 
cuticularized wallSj but which has the power to dissolve the middle 
lamelia considerably in advance of the mvasion of the bacteria. 

Spanding (13) obsen-ed that in the last stages of decay produced by 
Lenziks sepiaria Fr. the middle lamellae have disappeared. Zeller (19) 
found that the same wood-destroying fungus produced a substance called 
pectinase capable of dissohdng the middle lamella of carrots and potato 
disks^ coherence of the tissue being entirely lost after 42 hours in an 
extract of tlie fungus pow'der. 

Probably the most important contributions to the physiology of para- 
sitisiHj at least as regards the intimate relations of the host to the parasite 
concerned^ are those of Brown (4,5), Dey (6), and Blackman and Weis- 
ford (j). 

It was shown that Bair^iis cinerea Pers. acts in advance of its growth 
and that the active principle is of the nature of an enzym which dissolves 
certain constituents of the cell walls. It was further shown that the 
death of the protoplasmic contents of the cells was subsequent to the 
maceration of the plant tissues. To what the death of the cell is due 
appears to be a controverted point. Brown has been unable so far to 
identify two distinct principles in extracts of Botrytis mycelium. On 
the other hand, De Bary’s (1), Nordhauseix^s {12), and Behrens' (2) con¬ 
clusions seem to argue in favor of the presence of both an enzymic and 
toxic principle. Brown (4) showed .that there was no dissolution of the 
tinderlyi,ng host tissues when extracts of the mycelium were placed on the 
unwounded surface of the host, and Blackman and Welsford (j) showed 
that the penetration through the unbroken surface of the host was ac¬ 
complished by mechanical pressure. Similar results were obtained by Dey 
(d) with ColleioirichuM linde^nuthianiwi (Sasc. and l^Iagn.) Bri, and Cav. 

A resume of the literature shows that various investigators have drawn 
quite different comclusions from the results of their experiments. Per¬ 
haps criticism of some of the earlier investigations might be justified on 
the grounds that they failed to describe their methods in sufficient detail 
to enable the reader to evaluate their results correctly. Furthermore, 
some of the conclusions have been.draTO from the results obtained by the 
use of extracts of my’^celium growm for a long time in culture, in some cases 
three weeks or more. It is probable that the material used had lost much 
of'its power to dissolve the middle lamella, since Brown (4) showed that 
.the macerating principle was most active in young and vigorously grow¬ 
ing, hyphaC'of Boiryiis cinerea' i to 2 days old. The writers also,have 
found that the intracellular pectinase of Rhizopus is greatest in young 
toycxiliuiii* ^ Harter (9),* Dox (7), Young, (i^), and others showed'that 
kulase, and other enzyms. were more abundant in the h^-phae 
|ifl''precedmgAheIr^ stage. It would, therefore,, seem that young 
' dillittitos'should ;bei employed if the maximum efficiency is'.to be^ obtaine.'ii 
ftom'.'theu^..oitoekyphaet 



Studies in Physiology of ParasUism 


613 


METHODS Of EXPERIMEXTATIOA' 

Tne im/estigations as outlmel involved a study of tEe macerating ac¬ 
tion (j; cl tne enzyrn contained n the l23rphae and (a) of that exuded irom 
the mycelium into the culture solution. Bromn B'- morked orinciDallv 
witii tlie extract of the^'angous material, although lie domonstrated the 
excretion or tue acEve principle into the culture medium, \nille oftericg 
no criticism uyon the employment of the fungous extract, the writers 
have carried' out macerating experiments with the solution on which the 
tungus grew as well as with the powdered liyphae. The use of the solu- 
tiog offered no mechanical obstacles, since to obtain fungus material the 
.Organism was grown on a liquid medium. Furthermore, in view of Hie 
fact that the macerating action is due to an enzi'm, which difuses out of 
the hyphae, it seemed to the wTiters that the macerating power of the 
solution should be studied ^concomitantly wi'di that of tlie hypliae. 

culture memum 

Since both the intracellular and extracellular pectinases were to be 
studied, a liquid medium which would support a rapid and luxuriant 
growth in a relatively short time and which would be available at all 
times cf the year so that the investigations could be carried out vrithout 
interruption vras found to be preferable. The enzyms which diffuse out 
from the hyphae become dispersed throughout the medium, and after 
the liquor is freed of the m}*ceiium it is ready for the macerating experi¬ 
ments. The medium which was finally employed was a decoction made 
from sweet potatoes prepared by the following formula: To the peeled 
potatoes add double the weight 01 water, steam for one hour, then squeeze 
out the liquid through gauze; steam a second time, filter by suction 
through absorbent cotton, add the required amount to flasks, plug mdth 
cotton, and autoclave for 20 minutes at 15 pounds pressure. The re¬ 
sulting solution is practically free of cellular structures but does contain 
some starch and some sugars. 

In this medium a felt or mat composed of fungous threads, floating 
for the most part on the surface, which can readily be lifted froin the 
liquid, is formed in from one to two days. 

In view of the fact that a large quantity of mycelium was frequently 
necessajqq 2-liter Erienmeyer flasks containing 250 cc. of the decoction 
were used. ' If more than one flask was used the, h^^phae from al! of them 
\ were made into one compound sample. The maceration of 'the raw 
\sweet-potato disks 'was carried out with a weighed amount of this sample 
Suspended' in a definite' amount of distilled tvater., Accordingly the 
from all the flasks on which the fungus grew were collected 
®|to 'one flask, thoroughly mixed, and the mac^ation' was 'Carii'ed out 
a measured; quantity. 

• '' \ ' ' 
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Tke flasks w&m inoculated irira ,;,;,7X'rc? ■""' 

cultees ivkicli were kept ki c v.s of ;grcwt: 
carried out in the dark at ri con.x:w 
depending on tJie character u: the expe-r^neiit. 


^■:.j;pho.e from stock 
j... Inci'ibatioii was 
■2 tempccratiire used 


UTIOIZAMOX C" 


SCHUVy^. ';lhu 



At the end of the '.p ih-i: ,‘r wa.; p'C-^,vis, ■removed, 

washed in nmning water for 15 minutes, the-w>,-o^v ;v4Lee::--' i:y 
hand, and then treated with acetone and ether, according to {?) 

modification of Albert and Buchner's method for pr:t-parir:g 
dauerhefe.'' After washing, the operation is essentxil'y as 
The inyceiium is immersed for 10 minutes in a large'tfncess ni acetone 
and constantly stirred, the hyphae being torn apart' :*y forcer.:*® ai the 
same time. The material is then squeezed to dtymess imnsei'sedon a. 
fresh supply of acetone for 2 minutes with constant stirring* It is again 
squeezed to diymess and stirred for 3 minutes in ether, afier which it k- 
laid out to dry. After the odor of the ether can no ITnger be detected, 
the mycelial mass is put in flasks and stored at 9^ C. unril required for iisC', 
Except in so far as it was necessary to meet the 
experiments maceration of raw sweet-potato disfcations a change in the' 
the use of 0,25 gm. of the mycelium ground to a pom 10 
sand. The sand used for grinding was thoroughlys belied 'h: ciisniiie^i 
water and then burned in a crucible for two hours. en2}n:o 
was then transferred to 120-cc. Erlenmeyer flasks, and 35 cc. o: distilled 
water w^ere added. Several, usually five, raw sweet-potato Akks < mrtn 
thick and 15 mm. in diameter were placed in each flasl: eoiitaioing the 
suspension of hyphae and sand. The disks were al'A'a^rs cut from that 
part lying within the fibre vascular ring of the potato, siaC'C the tissue 
there is more uniform, being, made up largely of thin-wnlfcd pa;rcr:.chy!Tki 
cells with only here and there a vascular bundle. 

The tissue inside the fibro%mscular ring of different sweet po”!:atoes lias 
been observed to diff'Cr somewhat in character and to react differently 
to the macerating agent. In view of this fact each, experiment; veas 
always conducted with disks taken from the same lopi. The pot,aloes 
dyere carefully selected for soundness of the interna! tissue^ and atn‘ 

,, ing cavities or pithiness w’ere rejected. In a few preliniiriary exp€TimeB,ts 
the air was removed from the disks by suction before they vrere put in 
'the solution. ■ However, this practice was found to be uan,ecessaiiry'aai'„ 
'was, finally abandoned after the results showed that the„rate of iii,acetar ,, 
lion was neither increased nor, decreased by the air in tie tiss'iie, " ■ ( 
The flasks'after the disks had been added were'incufcrittii at a 
temperature, and notes were taken of the progress of iiiaceratioi: 
time to time. Less of coherence of the tissue was regarded as 
,' ,wh«'thedisks,offer^,no''resisi^ce'toptdi' In a deii-riiiinatiqi 
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end point tlie personal factor naturally enters, but with experience it 
may be determined v/itbin relatively narrow limits. 

Immediately upon the remo%-al of the fungous felt the solution was 
filtered through absorbent cotton to remove the rernaimng threads of 
hyphae. Cotton was used in preference to filter paper for reasons to be 
pointed out later. Except for special experiments to be discussed later 
the cultures were grown for only three days so that usually no, or only 
veiy^ few, spores were produced. Raw sweet-potato disks of the type 
mentioned above were immediately suspended in the filtered solution, 
incubated at the desired temperature, and records made of the progress of 
maceration. By this method of manipulation it is not unlikely that some 
spores, if produced, and some foreign organisms found their way into the 
solution. Pure cultures of the organisms w’'ere gromm under sterile con¬ 
ditions, but as soon as the fungous felt was removed it as well as the solu¬ 
tion doubtless became contaminated by foreign organisms from the air. 
The extracts and the solutions were so powerful in pectinase that macera¬ 
tion of the tissues tras complete before these organisms could influence, 
the results appreciably. In this connection it may be stated that in no 
case have contaminating bacteria been found, to exercise any macerating 
action on sweet potatoes. In cases where the macerating 

require that qj. three hours the surface of the liquid 

yflt xiias:imum_ amount ^ number of trial experiments it was found 

‘■that no foreign or^ ^%ms could be isolated from solutions which had been 
well shaken with toluol. 

Other investigators in this field have carried out most of their experi¬ 
ments by the use of an extract of the fungous material This is usually 
obtained by grinding the mass of hyphae, suspending it in water for a 
definite length of time, then filtering out the fungous debris. This 
method was not followed by the writers for reasons which will be made 
clear later. The ground mycelium was suspended in the water and formed 
a part of the system to w’hich the disks were added. Several objections 
may be offered against the extraction of the hyphae. First, it allows 
foreign organisms,.which‘doubtless are introduced during the process of 
manipulation, to multiply. Second, a considerably longer time is required 
to complete an ex,periment and,, third, all the enzym may .not be extocted 
and some of it may be' removed by the filter paper. 

EXPERIMENTAI, BATA 
PECTINASE FORMATION BY RHIZOFUS TRITICI 

At the outset of the storage-rot experiments it was sometimes difficult 
to obtain a culture of Rhizopus from rotted sweet, potato, although there 
was'an, abundance of evidence that this fungus caused the' decay. In 
order'to 'avoid foreign''organis,ms the plate plan,tings' were m'ade fram 
partiadlf "decayed, tissue 'adjacent 'to the healthy'zone-Plates so 
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were freque.ntl}-' sterile * which at once suggested the possibility that there 
was disiiitegration, of the tissue or ‘‘action in advance'' of the growth of 
the hypliae. Cultures made a little more remote from the healthy tissue 
usually gave a pure culture of Khizopus. Following up the clue sug” 
gestecl by the plate plantings, preliminaxy macerating experiments were 
made with the solution on which the fungus grew and with extracts of 
the h3rpliae, both of which resulted in the complete disintegration of raw 
sweet-potato disks within a few hours. 

Literally hundreds of macerating experiments have been carried out 
with the eiiZ3"m contained in the hyphae and with that exuded into the 
substratum. Because of the large number of experiments detailed 
elsewhere dealing with special phases of the subject and which contribute 
additional evidence of the occurrence of pectinase in the mycelium and 
in the solution on which it grew, only a resume of the process of macera¬ 
tion mil be described here. :^The raw sweet-potato disks, usually five, 
of uniform size (i mm. thick by 1.5 cm. in diameter), were dropped into 
the solution or into the hyphal suspension, as the case might be, both of 
which were prepared ■ according to methods already described. The 
incubation was usually carried out at 37.5'^ C., although higher or lower 
temperatures, depending upon the object of the 
times used. In some of the more powerful prepar 
appearance of the disks frequently took place in it co 15 
after they were added to the solution. The disk oecame somewhat 
cupped or twisted in shape and slightly crisp, broxvnish in color, probably 
due to^ oxidation. Approximately }i hour thereafter, depending some¬ 
what upon the macerating power of the enzy^'m, the disks became fiaccid. 
This was followed b}^ softening of the tissue at the surfaces and edge. 
The progi'ess of the softening continued gradually until the disks were 
softened throughout so that the^/ ofiered no resistance to pull. A mi¬ 
croscopic examination^ of completely macerated tissue shows that the 
cells are separated along the line of the middle lamellae but that the 
cells themselves remain intact. 

The time required to macerate the disks completely varied from about 
I to 5 hours. Several factors 'were found to influence the rate of macera¬ 
tion. Mo two preparations could be regarded as exactly alike, although 
the cultures were gro’^vn and the solutions and liyphae treated thereafter 
under as nearhr identical conditions as possible. Again it was found 
tliat the end point of maceration varied with the different disks in the 
same system, although they were all cut from the same sweet potato and 
from Ae same portion of the potato. It was found, therefore, that 
something must be left to the judgment of the observer. Hovrever, 
after'considerable practice in the determination of the end point it is 
possible to deterxnirie it'within relatively narrow limits. These controlled 
:hnd carefully conducted experiments show that Rhizopm idtid produces 
a"'powerful !ii,tracellular''and 'extracellular' pectinase which can dissolve 
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tae middle lamellae of s^^veet-potato disks so that the cells fall apart 
vdtliout the cells themselves undergoing any apparent mechanical altera¬ 
tion. 

IXrnVEjNCH OF THE AGE OF THE ITYCEEICM ON THE RztTE OF HACH'SAtrON 

BroTon (4, T) showed that the young, growing hyphae of Bofrytis dnerea 
contained a more powerful enrym than old hyphae, and he used for 
most of Ms work an extract of the fungus grown for only 24 hours. Other 
investigators have obtained similar results for other enzyms of various 
fungi. It appears to be generally agreed that tire most powerful extract 
is obtainable from young or comparatively young hyphae, but it can not 
be expected that all fungi will show the same limitations as regards the 
lexigtli of time for growth. This being a question of considerable impor¬ 
tance with respect to much of the future investigations in this direction, 
experiments were planned and carried out in considerable detail for the 
purpose of determining at what period in the growth of the organism 
the most powerful extract could be obtained from the hyphae, and 
likewise when the maximum amount of the enzym was present in the 
solution. While it may be argued that comparative studies do not neces¬ 
sarily require that the work be done with hyphae and solutions containing 
the maximum amount of enzym, there are several reasons vrhy it is de¬ 
sirable to do so. First, the time required to complete maceration' is 
shortened so that the experiments may be completed within a single day. 
Second, a short period of maceration eliminates to a large extent the 
iniuence that might be exercised by the introduction of contaminating 
organisms. Third, infection is essentially dependent upon the extra¬ 
cellular enzym of young hyphae, at least in so far as enzyms play a part. 

To determine the period of maximum content of enzym in the hyphae 
and in the solutions, 50 flasks containing sweet-potato decoction and 36 
inoculated with spores of Rhizoptis friiici \vere prepared. All the tlasks 
were incubated at' 37.3° dark.' At the end of each 24-hour 

period, with exceptions to be noted in the following table, 4 of the flasks 
(3' inoculated' and i not inoculated) w-ere taken from the incubator, the 
fungous felt was removed, and the solution iras filtered through absorb¬ 
ent'cotton. The hyphae from the inoculated flasks were treated in the 
usual wmy with acetone and ether, and after drmng the'fungous materiai 
was made 'into one compound sample. Duplicate 0.25-gm. samples of 
the hyphae were weighed out, ground in sand, suspended in '25 cc. of 
distilled water, and used for the maceration nf the sweet-potato' disks. 
A water blank containing' no enzym powder tvas used as a control The 
incubation temperature ivas Records wa:-e"niade from,, time to 

time of'the'progress of maceration. ^ ' ,''' 

The contents of one of the three flasks'on" which the fungu's had groim 
were' steamed to d'eactivate the enzym', and together with one,,flask not"'; 
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inoculaxeci they serv^ed as a control. Maceration was carried out at 
37.5 C. The results of these experiments are shown by Table I. 

rABiX l.~~~Time hi hours required hy ike mycelium and ike solution on 'ivkich^ ii grew 
io wmceraie sweet-potato disks after growth in sweei-pofato decoction for stated intervals 
of time 


Hotirs reqxiired to macerate after growing in culture— 



day. 

2 ' 3 : 4 

days.' days.; days. 

1 ' 

S 

days. 

6 

days. 

d 4 -s. 

10 

days. 

ri 

days. 

X2 

days. 

13 

days. 

16 

days. 

Powdered h’j’piiae: 

Enzsin powder. 

3.0 

; : 

; 1 

4. 75 

5« S -t- 

5-5 + 

S- 5-t- 

5 - 25 

7. 0 + 

S.S 

19.0 

Water (control'), no 
maceration. 

Sokition; 

Not steamed.. 

i 

3.0^ 

1 i 

II-73 ^ ‘-TS; 1*73 

I- 75 

n 75 ' 

I- 75 

j 2. 0-f* 

1.5 

2. 25-f 

4-5 

6. o-f 

Steamed (control), no 
maceration. 

Nofmigoiisgrowtls (con¬ 
trol), no maceTation. 

1 ; i j 

i 

1 









From Table I it is seen that the macerating power of the hyphae per 
tmit of dry weight is greatest on the first and second days of growth 
and becomes gradually weaker thereafter. The eii2>’'in of the solution, 
on tlie other hand, is equally powerful from the second to the seventh 
day of growth, inclusive. The writers have arbitrarily adopted three 
days as the standard length of time for growth. Somewhat discordant 
results were obtained in the steamed solutions and in the solutions on 
which the fungus was not grown. No maceration was apparent in such 
solutions at the end of the time required to macerate completely the 
disks in the solutions containing the active enzym. On the other hand, 
in some cases if they were exposed for some hours longer maceration was 
etddent, and it tvas often completed in 24 hours. 

RE'LAXION or VARIOUS FACTORS TO MACERATION 

The writers have previously discussed 'the method used in carry%g 
out macerating experiments with the enzym contained in 'the mycelium 
and wdtli that exuded into the substratum. Experimental data have 
also been submitted which show that RMzopus iritici produces both 
a pow’erful intracellular and extracellular pectinase which dissolves'the 
middle lamellae of raw sweet-potato disks in from two to five or more 
hours (Table I), depending upon the length of time the organisms grew 
in the culture.. It was shown that the most ^dgorous enzym was con¬ 
tained in cultures i to 3 days old. . , 

,, ::In investigations of this kind, the methods used in the treatment 
of the fungous, .material or of the solution might conceivably greatly 
influence tfl'C activity of the enzym. 'To.obtain reliable, data 'it was, 
th^rfore,. necessary to make a careful study of the physical, mechanical, 
«id othor factors involved in the various ^teps in ,the process 'Of ,manipula- 
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tion to determine whether they altered the macerating power of the 
enzym, and if so, to what degree. 

Washing thb mycelium. —^The first step in the treatment of the 
ftingoiis growth as finally adopted consisted in washing the felt in rtm- 
mng tap water for about 15 minutes, squeezing out the water, and 
subsequently treating it mth acetone and ether. Washing in water for 
this length of time did not remove any of the macerating principle from 
the mycelium, as is shown by the following experiments. Several 
fungous mats (two days' growth) about 6 inches in diamet^er w'ere removed 
from the culture flasks and rinsed for 2 or 3 seconds in running water 
to remove some of the adhering culture fluid. The felts were then 
cut into two parts, one of which was w’ashed for 15 minutes in flowing 
water. Both lots were subsequently treated with acetone and ether in 
the usual way. A comparison of the macerating power of the two lot 
of material was made by using 0.25 gm. of the fungous hyphae ground 
in sand and suspended in 25 cc. of distilled water. Several sweet- 
potato disks (i by 15 mm.) added to the systems and incubated at the 
same temperature were macerated in an equal length of time. 

Acetonk-BThbr TREATmNX. —^The treatment of the mycelium with 
acetone and ether did not influence the macerating powder of the hyphae, 
as was shown by a comparison of the corresponding halves of the same 
felts, one. of which was dried over calcium chlorid in partial vacuum for 
five hours and the other treated in the usual way with acetone and 
.ether. After the felts of each set were thoroughly dried they were 
mixed into a compound sample, and 0-5 gm. of the powdered mycelium 
of each was suspended in 25 cc. of distilled water. vSweet-potato disks 
(I by 15 mm.) were macerated in equal time in an enzym powder of the 
same concentration for the two samples. From these results it ivould 
seem that .the treatment of the mycelium with acetone and ether in no 
way influences the macerating' power .of the hyphae. 

Probably the chief virtue in the acetone-ether method lies in the ease' 
with which the dried mycelium can be handled subsequently. , Rhizopus 
forms a ver^- compact, leather}^ mat which is difficult to handle if allowed 
to dry before the threads are tom apart. , The practice has been to pull 
the hyphal threads apart while the material is submerged in the acetone 
and ether, so that by the time the treatment is fini.shed the threads are 
well separated and broken into,, short lengths. .UVTi.en dried the material 
is loose and cottony in general appearance, so that 'E quickand accurate 
weighing is possible. 

Grinding Xhb hyfhaE by sand.—A comparison of the rate,of mace¬ 
ration by mycelium ground in sand with mycelium not'SO ground'Showed 
that,' everyihing else being identical,,.' the^ disks in the suspension :Of 
ground hyphae reached complete maceration a little ahead of those in' 
the'solutions' with unground hyphae.' 
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The qtiantiiy of sand used for grinding the mycelium does not influence 
the rate of maceration, as is shoiim by the results of comparative experi- 
merits in whidi several nnifonn lots of mycelium were ground with 0.25, 
o,5s i.o, 5.0, and so.o gm. of sand, respectively, and transferred to small 
Erlenmet’er flasks. To each flask were added 25 cc. of distilled water 
and immediately the usual si^ed sweet-potato disks. Maceration carried 
out at 37.5^ C. was complete in a:l samples ground in sand in 3.5 hours. 
hi the ungroimd samples which served as controls maceration was com¬ 
plete in 4 hours. 

Toluoi^ as A2t ANTISEPTIC. —^In experiments where a considerable 
length of time w’as required to complete maceration, about 2.5 cc. of 
toluol, or enough to cover the surface of the liquid, was used as an anti¬ 
septic. Usually antiseptics were not employed, since maceration was 
completed before foreign organisms became suSiciently abundant to 
infiiience the results materially. Sweet-potato disks immersed in pure 
toluol for 19 hours showed no evidence of maceration. The use of toluol 
as an antiseptic in flasks containing enzym powder did not retard the 
maceration of sweet-potato disks when compared witli flasks to which no 
toluol was added, maceration being completed in each case in an equal 
length of time. 

ExTmtcTiON' OE THE EVPHAE. —^The usual method in' investigations 
of this kind is to extract the powdered mycelium with irater for a given 
time, Alter off the solid matter, and subject the disks or material to be 
macerated to the extract. Two objections may be offered to this method. 
First, it requires a considerably longer time to carry out the experiments 
and, second, all of the enzym may not be removed from the hyphae. 
A considerable number of experiments which need not be related in all 
their details were conducted to' determine whether extraction of the 
hyphae was necessawr or desirable. A comparative study was made of 
the rate of maceration of 0.25 gm. of hyphae extracted for iS hours in 
25 cc. of water at 9® and at 37.5^ C., respective!}’, and of hyphae not 
previously extracted. The results of these experiments showed that the 
disks added to the iinflltered solutions and incubated at 37.5'° in both 
the extracted and nonextracted mycelium were macerated in the same 
length of time. 

Filtering. —Since extraction of the mycelium was found unnecessary, 
filtering the solutions free of the mycelial particles and sand 'was not 
practiced. ' Suffice it to say in this connection that the several experi- 
conducted showed that filtering the solution through one and two 
thicknesses of Mo. 2 Whatman chemically prepared filter paper consider- 
'tbly rt^eakened the extract. To just what the iveakening of the enzym 
wU 3 ”dtie was not determmed, but it is probable that some of the enzym 
was retained'in'and adliering to the fungous particles and sand which 
were caught by the filter paper. ■' 'y ■ , ^ 
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On the other hand, filtering the solution on which the fungus grew 
gave different results. Although most of the fungous material could be 
lifted from the flask, filtering was necessary before one could be reason¬ 
ably sure that no hyphae remained in the solution. Aside from the 
liyphae which were left in the solution, the liquid was reasonably clear 
and free of solid particles. To determine whether filtering removed any 
of the macerating principle, a number of experiments were made with 
solutions on which the organism had grown for about 40 hours at 37.5® C. 
The contents of two large flasks from which the fungous growth had been 
removed were mixed into one compound sample, one portion of which 
was filtered through a No. 2 Wfliatman chemically prepared filter paper, 
and.another portion through a thick layer of absorbent cotton. The 
remainder served as a control, a portion of which was steamed 15 minutes 
to inactivate the enzym. Raw sweet-potato disks were then added to 
the different solutions and incubated at 37.5°. The results showed that 
the disks were macerated as quickly in the solution filtered through 
filter paper and cotton as in the unfiitered solution. 

Centrifuging. —Some investigators have removed the sand and 
funguS' debris from the solution by centrifuging, a method w-ell adapted 
to this t}q)e of work if an extract is required. This method is possibly 
open to the same objection as filtering the extract through filter paper 
in which it was shovm that some of the macerating principle was removed. 
A comparison was made of the macerating power of the supernatant 
liquid of a centrifuged solution with that of the solutions of the same 
origin filtered through filter paper, through cotton, and not filtered. 
The experiment was carried out by the use of 0.5-gm- samples of h^’phae 
ground in sand and extracted for 18 hours in 25 cc. of distilled water. 
At the end of 18 hours the contents of some of the flasks were centri¬ 
fuged for 5 minutes, and the supernatant liquid was used for macerating 
'experiments. The contents of some,of the other flasks were filtered 
either ^ through filter' paper or through cotton. The remaining flasks 
were not filt'ered and served as controls. The results showed that macera¬ 
tion was complete in the solution not filtered or centrifuged in 3*5 hours, 
in the centrifuged solution in 4 hours, and in ,the filtered solutions In 
5 hours. . ' ; ' 

Relation to sunuighx.: —^Light is said to be injurious to certain 
enzyms. In view of the fact that most of the mechanical operations of 
'the present investigations must be carried out in diffused light, in some 
cases,the enzym powder being exposed to the light for a considerable 
length of .time, it was thought advisable to detennine what'effect, li 
any, such exposure had on the,macerating power of the enzym. These 
'experiments were carried out by exposing for 2'hours lots of, 0.25 'gm. 
of hyphae to direct sunlight and diffused'light and placing some in an 
incubator in which light was practically excluded. In some 'experiments 
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tlie nnxeliitui iras ground before it was exposed to tbe light. At 
the eud cf the period of exposure the powdered hyphae were placed in an 
inciibatoi' for iS hours at 9° C. The mycelial pow'der was then sus¬ 
pended in 25 cc. of distilled water, and after sweet-potato disks of the 
usual type had been added, incubation was carried out at 37.5®. Records 
taken from time to time of the progress of maceration showed tliat the 
different light intensities used had no influence upon the macerating 
principle. Grinding before exposure to light was likewise wdthout 
effect, maceration being completed in 4.5 hours in all cases. 

Quantity or solution. —It is desirable, other things being equal, 
to emplo}^ technic in investigations of this kind which will require the 
least possible time in manipulation. If the volume of the solution whose 
macerating propaly is to be studied should influence the rate of macera¬ 
tion, a measured quantity would be required for all comparative work. 
This W'Ould require time in measui'ing. Without going into the details 
of the results of this phase of the work it may be stated that there was 
no difference in the time required to macerate sw^eet-potato disks in a 
solution on which the fungus greiv in volumes varying from 25 to 100 cc. 

Concentration of solution, —^As would be expected, diametrically 
opposite results were obtained as regards the concentration of the solu¬ 
tion, the rate of maceration being most rapid in the 'solutions containing 
the largest quantity of enzym powder. 

Optimum tewerature for maceration, —It is a well-known fact 
that temperatures below the optimum progressively retard the action 
of enzyms. Above the optimum, action is retarded more rapidly. 
With respect to the macerating principle found in Boirytis cinerea^ 
Brown (5) showed that at 65° C. deactivation was practically instan¬ 
taneous. 

The investigations of the writers with respect to this subject were made 
with a solution obtained from six 2-liter flasks on which the fungus had 
grown for 4S hours at 37.5® C. The solutions were filtered through two 
thicknesses of cheesecloth and combined into one large receptacle and 
thoroughly mixed. Twenty-five cubic centimeters of this solution were 
pipetted into small flasks and exposed for i hournt 9®, 20®, 30^®, 40"^, 45°, 
50^, 55^5 and 60®, respectively, to bring to constant temperature. Raw 
sweet-potato disks were then added to the flasks, and notes were taken 
from time to time of the degree of maceration. At 9® maceration was 
completed in 3.5 hours, and the time was progressively shortened with 
m increase of the/temperature up to the macerating optimum. At 60® 
'the enz3Uii, was completely deactivated and no maceration took place. 
'^^The optimum temp'erature has been 'difficult to establish, but it Ties 
.somewhere between 45® and 55°, and. probably nearer 45® than 55®. If 
more.refined' methods were at hand' for 'determining the end point the 
optimum..might'/irobably be ..more,■■■nearly established. '' Above.' .55®. 
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deactivation of tlie enzym was very rapid, and below 45® its action was 
retarded. Experiments with the ground hyphae in which 0.25-gin. lots 
were suspended in 25 cc. of distilled water and exposed to the same 
temperatures as the solutions discussed above gave similar results* 
In recapitulation it may be said that the intracellular and extracellular 
pectinase bear the same relation with respect to the optimum tempera¬ 
tures for maceration. 

SUMMARY 

(1) Rkzzoptis iriiici produces a powerful intracellular and extracellular 
pectinase when grown in sweeUpotato decoction, 

(2) The enzym is able to effect the complete maceration of raw sweet- 
potato disks so that coherence of the cells is entire!}^ lost. 

(3) The optimum temperature for maceration is between 45° and 55° C 
At 60^ deactivation of the enzym is nearty instantaneous; below 45° 
the activity of the enzym decreases simultaneously with the decrease in 
temperature, 

(4) The maximum enzym content of the hyphae and the solution is 
attained in about 24- and 48-hour-old cultures, respectively. 

(5) The volume of the enzym solution of a given strength does not 
influence the rate of maceration; the concentration of the enzym in the 
solution does. 

(6) Exposure of the hyphae' for 2 hours to direct sunlight does not 
affect its macerating power. 

(7) Centrifuging to remove the sand and fungous debris slightly deacti¬ 
vates the enzym. 

(S) Filtering the solution in which the powdered hyphae and sand are 
suspended through filter paper weakens the enz}’m; filtering the solution 
after the removal of the fungous felt does not reduce its strength. 

(9) Extraction of the powdered hyphae for 18 hours in water does not 
increase the rate of maceration when compared with hyphae not ex¬ 
tracted. 

(10) Toluol may safely be employed as an antiseptic without impair¬ 
ing the action of the enzym. 

(11) The quantity of sand used for grinding the hyphae does not 
influence the action of the enzym. 

(12) The treatment of the hyphae with acetone for 12 minutes'and 
ether for 3 minutes has no influence on the macerating action of the 
hyphae. 

{13) Washing the hyphae in runnmg water for 15 minutes has no 
influence on the action of the enzym. 

(14) The results of these investigations indicate that work of this type 
involving a study of the' relationship existing, between a host and ite 
parasite may throw some light on the important question of parasitism*; 
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Rkizopus iritici belongs to a large group of organisms, incapable of 
tbemselves of penetrating the unbroken cells of the epidermis mecliani- 
caily or of dissolving them with its enzyms- However, after it has once 
reached the tissues beneath the epidermis, it progresses with great rapidity. 
It, like certain other organisms, is characterized by its ability to “act in 
advance” of its growth. 
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RESPIRATION AND CARBOHYDRATE CHANGES PRO¬ 
DUCED IN SWEET POTATOES BY RHIEOPUS TRITICI 


J. L. WEimSR, Assisfani Paihoiogisi, and L. L. Harter, Pathologist^ Office of Coiion^ 
Truck, mii Forags Crop Disease Invcsiigafions, Bureau of Plant Indnsiry, Untied 
States Depaftmmit of A^griculture 

INTRODUCTION 

Tliese iiiTestigations had for their purpose to determine (i) the relative 
rate of respiration, as measured by the carbon dioxid (COj) given off by 
the two halves of sweet potatoes, one of yrhich w’as rotted by Rkizopus 
friiid Saito, and (2) how the starch, cane sugar, and reducing sugar 
content of the two corresponding halves differed at the end of the experi¬ 
ment. It was believed that an insight into the physiological changes of 
the host brought about by the fungus might be obtained by experiments 
in ’.vhich the carbohydrate content and respiration were determined 
simultaneously. 

IIHTKOD OF EXPERU^IENXATION 
RESPIRATION 

The measure of the CO2 output was determined from the corresponding 
halves of the same root by four separate experiments. Large, sound 
sweet potatoes were carefully washed, cut in two longitudinally, and 
pared until the tw”0 parts had the same weight.' A small '^welF' was 
made in each half b}- means of a cork borer about i cm. in diameter. 
One half was inoculated by pouring a 24-hour growth of the organism in 
sweet-potato decoction (about 2 cc.) into the ''well/’ and an equal 
volume of sterile water into the '‘well” of the control half.' The two 
halves were then put into separate air-tight desiccators which served as 
respiration chambers through which COs-free air was drawn. The CO3 
was collected in trap bottles containing barium hy-droxid (Ba(OH)2) and 
determined as barium carbonate (BaCOg),' The method used for the 
removal of the COg from the air and for its collection and subsequent 
determinatioii i,s essentially the same as that used by the writers (5) ^ in 
the study of the respiration of fungi in nutrient solutions, to which the 
reader is referred for details.' The respiration chambers were kept in 
an incubator maintained at a constant temperature of 30® G, The COj 
given' off w^as determined every 24 hours. By this method decay of the 
inoculated half was evident in 24 to 48 hours and usually complete' in 
about 3 days. As soon as decay was complete the two halves wwe 
removed from the respiration chambers, weighed, and prepared for 
analysis.' 

^ Rderence is made br mmsber titalic) to' %iteratuxe dted,” p. 634-635. 
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ANALYSIS 

The halves were prepared for analysis by iirst being run throtigh a 
pulping Hiadiiiie. The pulp was then thoroughly mixed, and duplicate 
samples were transferred to tared weighing bottles for dry-weight deter- 
minatioiis. The pulp was covered with 95 per cent alcohol and then dried 
to constant weight in a vacuum oven at 60® C. Another set of duplicate 
samples was taken from the pulp of each half for carbohydrate deter¬ 
minations. For this purpose lo-gm, portions of the pulp were placed in 
beakers containing about K of calcium carbonate (CaCOg) and were 
then covered with 70 per cent alcohol and heated to boiling. The con¬ 
tents of each beaker ivere then transferred to a tared thimble and ex¬ 
tracted mth 70 per cent alcohol in a SoxhleFs extraction apparatus for 
about seven hours. The extract was made up to 500 cc. by the addition 
of water, and 100 cc. were transie,rred to a beaker and evaporated to 
about 25 cc. It was th.en transferred to a loo-cc. sugar flask and cleared 
in the usual way with lead acetate. The cane sugar was hydrolyzed 
according to the method of Davis and Daish (4), and it and the reducing 
sugars and hydrolyzed starch were determined according to the method 
of Clark (a). 

After the sugars were extracted the solid material was dried to con¬ 
stant weight in a vacuum oven at 60® C. The pulp was finely ground in 
a mortar, and a knovm amount was transferred to a loo-cc. volumetric 
flask and the starch hydrolyzed by boiling in a 5 per cent solution of 
hydrochloric acid (HCl) for 2K hours -with a reflux condenser. It was 
then neutralized by sodium hydroxide (NaOH), made up to volume, 
filtered, and the starch determined as reducing sugar. 

The Yellow Jersey variety of sweet potatoes grown on the Potomac 
Flats near Arlington, Va., was used for all these investigations. 

All the data were calculated to the original wet weight of the material 
used. The directly reducing sugar was calculated as glucose. 

It might be urged that the results both of the respiration experiments 
and of the carbohydrate determinations were vitiated by the presence 
of microorganisms other than Rkizoptis triiicL It is not unlikely that 
bacteria .were present on the surface and that they would contribute 
something to the total of the CO3 given off. Before the samples were put 
into the respiration chamber they were thoroughly washed but were not 
disinfected. The length of the respiration period was three days in all 
experiments except, one, which continued another day longer. Cultures 
were made from the rotted potato at the close of the experiments, and a 
pure ctiiture of R. triiici was obtained in every case. The writers 
do not believe that bacteria or f ungi were present in sufficimt amount to 
alter materially either the results of the respiration or the carbohydrate 
As a matter of fact, all respiration experiments of a sort where 
\sterile;conditions can; not be employed'are subject to, ^alterations due to 
,tli€p£€S;^ce,of foreign,organisms. 
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EXPERIMENTAL DATA, 
respiration 

The results of all the respiration experiments expressed in grams of 
CO2 given off for each 24--honr period as well as the total for the duration 
of the experiment are given in Table I. 

Table- I.—^C02 output front a decaying mid a sound half of the same sweet potato at ike end 

cf each 24-hour period 



‘ rirstday. : 

Seconci 

day. 

Third day. 

- Fourth 
day. 

1 Total 

I {Control.. 

,, .: 0 .6210 j 

0.4807 

4-1653 

0 . 465;2 


1.5669 
' 9 * 8S88 

ijRotted. 

../ 1.4374 ! 

4.2S61 


. i/Control. .. 

ll Rotted. 

.9144 i 

.9147 

*9145 : 

:.i 

; 2.7436 

. . . ' 1.0?!S'2! 1 

0 • JL 

S.736^ 


1 19.2880 

£ -(Control. 

ilRotted. 

• • •' ' 7^53 ; 

.49S6 

.4S07 


1.6946 

...1,0726 ; 

5.0479 

6.5600 ; 


12.6S05 

.. fContioI. 

^iRotted...... 

..t .5910 i 

.4173 

' -3502 i 

O.42S7 1 

1.5S72 

.9S13 ; 

3-9748 

‘ 4-1859 i 

3.3626 ; 

12.5046 


c Expressed Ja srams. 


It will be noted that the CO3 output at the end of the first 24 hours 
was considerably greater in the decaying than in the control half. This 
difference was further increased during the next 2 days. In the first 
three experiments decay was completed in 3 days and in the last one in 4 
days. As sliora by the last column a total of from 6.3 to 7.8 times as 
much CO3 was evolved by the decaying half as by the control. 

The figures presented in Table I should not be interpreted as repre¬ 
senting exactly what happened in each individual case. In other words* 
an allowance should be made for variations in respiration that would 
normally take place between two sound halves of the same potato of 
equal weight. It was shown by Hasselbring and Hawkins (7) that 
wounding accelerates the CO2 output of sweet potatoes. Freliminary 
to the experiments, the results of which are recorded in Table I, the daily 
evolution of CO2 from the corresponding halves of several sound sweet 
potatoes was determined for the purpose of ascertaining tlie probable 
error. The tiro halves were held under similar conditions, and the CO^ 
was collected for 24-hour periods., The greatest variation was' about 
11 per cent, but in most c^es it was very much less. If a correction of 
this variation were made in each individual experiment it would not be 
sufficient to alter materially the ratio of- the CO3 output between the 
rotted and control halves. 

, CARBOHYDRATE CHANGES 

In living potatoes.—As soon as decay was complete the halves 
were removed, from the re^iration chambers, pulped, and prepared for 
the deteimMation of' Starch, cane sugar* .reducing sugar, and percentE-ge' 
,of, moisture.- , The results of these'' analyses are sho'wm in Table II. ' /' 
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TablS 11 .-—C-arbohydraU content of ike healthy and rotted halves at the close of ike 

respiration period 


Experi¬ 

ment 

No, 

Sample. 

' ” ' 

1 

1 Reducing 
Moisture. ' sugar as 

1 glucose. » 

i 

j 

Total 
sugars as 
gluco-se.® 

Starch.* 

Total loss 
of reduc¬ 
ing sugar 
eauivalent 
toCOa 
e\Vtved. 

Total 
carb€>" 
hydrates 
as glucose 
not ac¬ 
counted 
for as COa. 

605 

609 

631 

/Control. 

Per cent. 
67.40 
72-95 
68.25; 

3 - 9330 
4,2424 
4.8709 
8.6419 

6-4365 

4- 7507 

6.3600 

4.9000 

45.880 
! 10.206 : 

1 55-308 
i 13-827 
i 52-718 

j 25.440 

! 70,800 

! 

! 39-845 396-851 

1 5-525 1^65.083 

1 47-915 368.541 

j 4.926 1147.298 
i 43.967 1x66.205 

1 19.655 '5127,260 
■ 61.220 u66-i^5 

Gnt, 


/Rotted.! 

/Control....., 

6.7425 

3.9699 

./Rotted. 

/Control. 

73-55 

71.30 

76.70 

73.50 

13.1509 

4.4414 

(Rotted. 

1 8.6457 

8,0133 

637 

/Control.. 

(Rotted. 

, 

74. ©■O 

i 19.615 

; 13.980 ;i53.92S 

'' ^.5258 

5 -1474 


o Expressed ia miliigxams per gram of ortginal wet weiglit 


The results of these analyses shovr that the starch, total sugars, and 
cane sugar are lower in the rotted than in the sound half of the potato. 
In the first two experiments the reducing sugars are increased and in 
the last two decreased. It is, of course, not possible to state from these 
experiments alone in w’hat form the carbohydrates are utilized by 
RMzoptis ifitici. Other investigations by the liters showed that glucose 
is readily utilized and cane sugar sparingly or not at all. Furthermore^ 
in nutrient solutions this fungus will thrive better with boiled starch 
as a source of carbon than when cane sugar is used. On the other hand, 
raw, starch in culture solutions (5) is hydrolyzed to some extent by 
R, iriiici. Hawkins (9) found that certain species of Fusarium 
reduced the sucrose and reducing-sugar content of the Irish potato while 
the starch content w^as not altered and that ■in the peach the brownrot 
fungus increased the reducing sugars and the total sugars and decreased 
the cane Sugar. 

It would seem from the experiments of the writers that a fairly con¬ 
stant supply of reducing sugars was maintained and that the source of 
this supply was the cane sugar and starch. 

The total amount of CO. evolved is shown in the last column of Table 
I, and in column S of Table II the reducing sugars equivalent'to the CO^ 
output is given. The total loss of the carbohydrates (starch, cane sugar, 
and reducing sugar) as determined from the analyses is seen to be greater 
than that which is accounted for by the CO2 given off. In the last 
oo!u,nm of Table II is shown in grams the loss of carbohydrates in excess 
of that which can:be accounted for by the CO2 output. 

, What'becomes, of the carbohydrates can be only a matter of specula¬ 
tion., Hasselbring ■■and Hawkins (7), in respiration 'work with sound 
sweet, potatoes,, found that the cane , sugar accumuiated slightly ■and 
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suggested the possibility tbat some of the reducing sugars may have 
been utilized in the manufacture of sucrose. From the results of these 
investigations j however, it will be necessary to search elsewhere for an 
explanation, since the cane sugar as well as the starch content was 
reduced. 

Ill investigations of this type, where microorganisms are involved, 
several possibilities may be advanced to account for the loss of the car¬ 
bohydrates in excess of that required to satisfy the CO2 given off. First, 
a portion of it undoubtedly w'as utilized in the construction of fungous 
material. No measure could be'made of the fungous material formed, 
and although a considerable amount of mycelium was produced the 
actual diy weight w'ould be small. Second, Harter and Weimer (d) 
shotTed that in Czapek's nutrient solution with glucose as the only avail¬ 
able carbohydrate Rhizopus iritici and other fungi produced a measurable 
quantity of alcohol Similar results have been obtained ' by other 
investigators with other fungi. In some cases as much as S per cent 
alcohol was produced. Probably the physiological reaction of a fungus 
is different when gxowm on a sweet potato and on an artificial medium. 
However, if alcohol was produced in the one case there are reasons to 
suspect that it might be formed also in the other. As a matter of ^ fact, 
the miters have demonstrated by the use of the iodoform test the presence 
of alcohol in rotted sweet potatoes. Third, acid production has been 
demonstrated by many in%'estigators, especially when nutrient solutions 
were employed. Cooley (j) found that ScleroUnia drierea (Bon.) 
Schroet. formed oxalic acid when grown upon peach juke, and Hawkins 
{ 8 ) that the acid content of the rotted half of the peach, when decayed, 
by the brownrot fungus, was higher than that in the sound half. Behrens 
(i), on the other hand, found that the acid content of the sound portion 
of an apple was higher than that of the rotted half. Hydrogen-ion 
determinations w^ere made of the expressed juice of some of the rotted 
and decayed halves used in these experiments at the close of the respira¬ 
tion period. The results of the determinations of ‘the samples 'in two' 
experiments gave a Ph of 3.71 and 3.695 for the rotted and 3.44 and 
5.032 for the sound. 

That' acids are produced in considerable abundance' seems quite 
evident, and that alcohol is formed seems probable. The carbohydrates 
required for the manufacture of acids and alcohol, together with that util¬ 
ized directly in the production of fungous material, will probably account 
to a large, extent for the decrease in the sugars and starch which are not 
accounted for by the CO3 evolved. 

^ The foregoing results show that 'the cane sugar disappears at least in 
part from the sweet potato when' decayed by RMzopii.s iritici^ indicating 
that it was.either used directly by the fungus or converted by the host 
,iiito 'some 'other' compound,,possibly reducing sugar. ' 'Studies 'of 'tht 
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growth of this ftingiis in nutrient solutions with cane sugar as the only 
source of carbon have shown that this substance is used only sparingly. 

This fact, together mth the evidence contained in the data already 
submitted, indicates three possibilities: First, that the fungus can uthize 
to a better advantage cane sugar when other carbohydrates are present; 
second, that in the living potato the host iinder the stimulation of the 
fungus inverts the cane sugar; and third; that the acids produced by 
the fungus invert the' cane sugar. The following experiments were 
designed to throw some light on this phase of the subject. 

In cooked potatoes. —Large STveet potatoes were cut longitudiiially 
into two parts and pared to equal weight. The two halves were cut in 
small blocks into separate flasks and sterilized by steaming on three 
consecutive days. One flask was inoculated ivith Rhizopus iriiici and 
the other one held as a control. They were both kept in an incubator 
held at a constant' temperature of 30® C. After 15 days the starch, cane 
sugar, and reducing sugar of the control and inoculated flasks ivere 
determined according to the method alread}^ described. The results of 
these analyses are shown in Table III. 


TabIwB IIL -—Carbohydrate co7ztent of inomlaied and tininoculaied cooked sweei potatoes 


! 

Eacperi- 
taent No. j 

! 

Sample. 

1 t 

1 deducing { 
1 sttgars as | 
1 glucose. 1 

■ i ! 

Total 1 1 

sugars as > Cane sugar. 1 
glucose. 1 1 

Starch. 

670 

740 

1 /Control... 

I 

.i AS, S 6 

1 122, 77 1 

9. 02 
no. 42 

73 * ^^5 

' i 


99 * 565 

^ 5 * 52s 
97 * 477 
14. 424 

i Inoculated... 

jfControI... 

4 Inoculated. 

■ .i ^ 0 

■ .) 74*025 

i 

1 s. 569 I 
62.90 1 


c Calculated to milligrams per gram of origina! \Tet weight. 


An inspection of Table III shows 'that the starch, cane sugar, and 
total sugar content of the inoculated material was greatly reduced, 
the cane sugar having disappeared entirely In experiment 740. It 
seems from these results that the fungus can either use cane sugar 
directly or convert it into some other substance before using. With 
respect to the reducing sugars the results of the two experiments do 
not parallel In experiment 670 no reducing sugar remained in the 
inoculated flask, whereas in experiment 740 there was an actual increase 
over that of the control This apparent discrepancy may be explained 
at least in.' part if 'one takes into consideration the growth of the fungus 
in 'fkt two cases. It was previously pointed out that glucose is an 
excellent source of carbon for this fungus, supporting in a nutrient solu¬ 
tion to abundant mycelial growth. The growth of the, myceiitim in 
the first experiment' was very luxuriant, about hah fflling a, c-liter 
flask, while in the second' very little ..aerial growth, .took place, ' In view 
of th«e facts it is.'Hkely that in the' former case, the reducing sugars 
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were utilized largely in siipporting an energetic respiration and 'In the 
coastructio'n of fungous material. In the second experiment with a 
smailer amount of fungotis gronii a correspondingly less amotint of 
sugar would be utilized in supporting respiration and in the construction 
of fungous material. The conversion of the cane sugar and starch into 
reducing sugars probabh* took place faster than it was utilized; hence 
its accumulation. 

Further interesting facts as regards the availability of monosac- 
charids and disaccliarids in supporting the growth of this fungus are 
shown by experiments in which cane sugar and glucose alone and in 
combination are used as the only sources of carbon in Czapek’s nutrient 
solution. 

Ix NUTRIENT SOLUTIONS. —For each experiment three gasks were 
prepared to contain, a modification (xo) of Czapek's nutrient solution 
and I per cent of glucose and cane sugar alone and in combination as 
the only source of carbon. The solutions were then inoculated, and the 
fungus was allowed to grow for 17 days. At the end of the grow'th 
period the mycelium was removed and the dry weight of fungous mate¬ 
rial determined. The reducing sugars and cane sugar were again deter¬ 
mined, The loss of glucose and cane sugar as well as the diy weight 
of the fungous growi:h are shown in Table IV. 


TabiS IV .—Loss of glucose arid caiic sugar and amount cf fungous maferiai produced 


Experi* ; 
icent No. ! 

'Carbohydrates present. 

Loss 01 
dextrose.^ 

Loss of 
caae sugar.a 

Dry weight 
of fimgous 
Biiiterial. 

640 1 

f Glucose. 

(Gltico^ and cane sugar... 

■; 5 . 2-347 

0 

0 

60. 6S 

Gm. 

O* 3954 
- 35 % 

1 

[Cane sugar—... 

f Glucose... 

0 

57-99 

12.iiS 

0 ! 

i • 243*=^ 

! *5113 

656 

1 Glucose and cane sugar. 

0 

60.09 ; 

i - 545 ^ 

669'1 

[Cane sugar... 

f Glucose... 

1 Glucose and ca,ne sugar.. 

' ^ 3 - 3 ^ 

■! 4 - 5.3 : 

; 0 ! 

0 

i 59 * 49 i 

I -oSS 3 

= - 5253 

I . 5060 

■ i 

[Cane sugar... 

0 

i 1 

: -1514 


c Expressed in'miHigrams per lo cc. of solution. 


The results of these experiments show that when cane sugar is the 
onl}^ source of c.arbon a small amount of fungous materia! is produced- 
In experiment 656 there was no loss of cane' sugar, and' in each of the 
others the loss'was slight. These results would seem to indicate that 
cane sugar when present alone in the solution is not readily utilized. 
On the other hand, when cane sugar and glucose are added togedier in the 
solution in equal amount, the loss of the former is relatively large but the 
latter remains practically constant. Ulien, however, glucose is the 
only'.source of carbon there is a considerable reduction in the amount 
presentat the end, of the 'experiment, ■ 
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These experiments show, then, that the cane sugar disappears when 
it is in combination with glucose, but that it is sparingly utilized when it 
is the only source of carbon. It has been shown that the growth of 
Rhizopus iriiici renders the solution as well as the sweet potato* more 
acid. In view' of these facts it is probable that the increased acidity of 
both the decayed potato and the solutions is at least in part responsible 
for the inversion of the cane sugar. 


SUMMARY 

(1) The relative amount of COj given off from the two halves of the 
same sweet potato, one of which was decayed with Rkizopus triiici, wns 
determined. It was found that the decayed half gave off a total of from 
6,3 to 7.8 times as much CO, as the healthy. Decay was completed in 
three days in all experiments except one which continued for one day 
longer. 

(2) At the close of the experiment the starch, cane sugar, and reducing 
sugar were determined in the healthy and decayed halves. There wras a 
smaller amount of starch, cane sugar, and total sugars in the decayed 
sample than in the healthy one, while the reducing sugars were increased 
in two experiments and decreased in tw'o. 

(3) The total quantity of the carbohydrates (starch, cane sugar, and 
reducing sugars) lost in the decayed sample, according to calculations 
based on the analytical data, is greater than that lost through respira¬ 
tion, as measured by the CO2 given off. It seems, therefore, that a por¬ 
tion of the carbohydrates was utilized in other processes such as the 
production of fungous material, acids, alcohol, etc. 

(4) When the fungus was grown on cooked potatoes (sterile) a reduc¬ 
tion in the starch, cane sugar, and total sugar similar to that of the living 
potatoes took place. 

(5) In Czapek’s nutrient solution glucose was readily utilized when it 
was ,the only source of carbon available. When glucose and cane sugar 
were combined,in the solution there was a reduction only in the amount 
of cane sugar. When cane sugar was the only available source of carbon 
it seemed not to be utilized by the fungus to any extent. 
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WOUND-CORK FORMATION IN THE SWEET POTATO 


B}" J. L. Wbimer, Assistant Pathologist, and L- L. Harter? Pailmhgist, Office of 

Cotton, Truck and Forage Crop Disease Im-esizgafions, Bureati of Plant Industry, 

United States Department of Agriculitife 

INTRODUCTION 

The investigations reported in this paper were designed primarily to 
determine to what extent and under what conditions wound-cork is formed 
by the sweet potato and whether or not its formation senses in any way 
as a barrier to infection by Rhizopus tritici Saito. 

PERIDERl^I FOEJUATION 

The sections made from samples taken at the beginnmg of the experi¬ 
ments showed the condition of the tissue before any reaction to the 
wound stimulus occurred. The sections are made up of thin-walled 
cells varying somewhat in size but in the main rather large^ with here 
and there a vascular bundle. The cells, with the exception of those 
comprising the vascular tissue, are more or less uniformly filled with 
starch. After 24 hours' exposure in a moist chamber held at room tem¬ 
perature (about 25^ C.) a distinct change is already noticeable. A layer 
of cells running parallel to the exposed suriace, varying from 3 to 10 
deep, contains more starch than do those immediately beneath. No 
other change can be detected at this time, but on the second day the 
starch in the lower layer of cells becomes conspicuously less. About this 
time one or two indistinct cross walls are laid down in some of the ceils 
in the starch-free area, so that the position to be occupied by the wound 
cork can be traced entirely across the section. In about 3 days the cork 
layer is pronounced, being from 2 to 4 cells deep, and the cell walls,are 
considerably thickened. These changes are still more pronounced from 
the fourth to the sixth days. By the sixth day there is a continuous 
layer of cork, var}ing from 2 to 6 cells in thickness and lying from 2 to 
12 cells beneath the wounded surface. Between the cork periderm and 
the layer comprising the surface cells is a third layer from 2 to 4 cells 
ill'depth which contains little or no starch and whose walls are 'consid¬ 
erably thickened and suberized, as shown by the fact 'that they stain 
deeply with iodin green. The thickening of the cell walls becomes evi¬ 
dent about the third day. The cells inmi'ediately below, the cork meristem 
merge into the cells containing'the normal amount of starch. 

It was found by the writers that the rate of cork development is 
retarded at the bottom of wounds made by striking sweet potatO'CS 
against the sharp' edge of a wire basket. Coutant (a)^ also found that the 

^ Refereace is made by aumbor (itabc) to * ‘ I^teaatiire dted/* p, 647 - 


Jotimal d 'Agxicttlttxnl Roeardi, 
Waslsiis«t«, D., C 


Vol XXI. Ka 9 
Aug, 1,1931 





638 


Journal of Agricultural Research 


Vol. XXI, No. 9 


cork meristem in the base of a V-shaped cut was undeveloped in the 
4-(iay"Old sections. This is thought to be due to a lack of available 
oxygen or to the lessening of transpiration. This latter explanation is 
suggested by Kiister (7), who showed that at least a small amount of 
transpiration is necessary for wound-cork formation. 

EXPBS.IMENTAL METHODS 

The sweet potatoes used in these experiments were of the Yellow 
Jerse3v^ variety, grown on the Potomac fiats near Arlington, Va. The 
first samples from which the sections were cut for the determination of 
wound-cork formation were taken from potatoes while still in the ground. 
After the potatoes were put in storage samples w^ere taken and studied 
at different times throughout the storage period. For the most part the 
potatoes were halved and blocks of tissue about 0.5 by 0.5 by 2 cm. were 
removed from the cut surface in such a manner that sections made across 
the short diameter would be perpendicular to this surface. A control 
sample was talcen vrhen the experiment was started, and others rrere 
taken at stated intervals of time thereafter. The samples were, dropped 
at once into a fixer made b}^ adding 2 cc. of commercial formalin to 100 
cc. '01 70 per cent alcohol. After fixing for 24 hours or longer the sped-, 
mens were dehydrated with .alcohol and embedded in paraffin. Sections 
were cut for the most part 10 ju in thickness, stained with a weak solution 
of iodin green in 70 per^ cent alcohol, ammoniacal gentian violet, or in 
Pianeze Illb stain, and mounted in balsam. 

In order to determine whether wound cork is produced as readily at 
‘the center of the sweet potato as it is near the vascular ring,' samples 
were taken from both regions. A study of sections from these regions 
shows that although a normal cork layer is formed in both cases, it is 
produced more quickly in the vicinity of the vascular ring. In the latter 
case the cork layer laid donm in two days is to all appearances equal to 
tliat formed at, the center of the potato in three da3^s. A somewhat 
different condition was found in the Irish potato (9, la), where periderm 
formation in the seed pieces is usually not so well developed in the central 
as in the peripheral portion, 

CONDITIONS AFFECTING CORK FORMATION 

Factors influencing wound-cork formation have been considered by 
numerous writers, who, agree that a certain amount of moisture is neces¬ 
sary. ''^Wien the cut surfaces are allowed to dry too rapidly, a desiccation 
' ..and death of the surface cells soon takes place. This results in the forma- 
vtion of a hard surface layer beneath which^cork periderm seldom forms, 

' '"'Oh;,,the'other hand, when the escape of water from the wounded S'urface 
':,,;is''retarded,, ,a'Cork layer usually develops beneath the'injured surface* 
'.^h'4^^ 'bf'''humidi'^^ present in the ordinary moist'Chamber 'is such 
tlist/^cori:' is'produced bj' the sweet .potato.,''' Halves of sweet potatoes 
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held in moist cliambers healed in a normal manner, while corresponding 
halves kept on the desk beside the moist chamber showed only a drying 
and death of the surface several cells in depth. It is not known why the 
cork layer failed to form in the latter case. However, it may possibly be 
due to insufficient transpiration or to the lack of oxygen. The dry and 
hard surface layer no doubt serves to check the interchange of moisture and 
oxygen between the underlying cells and the outside air. Kiister (<5*) says 
in this connection that at least a small degree of transpiration must be 
possible for the exposed tissue, while he, as well as others (d, 10, i, 4), 
regards oxygen as a determining factor. Some attention has been given 
by the writers to the progress of healing under storage-house conditions. 
Experiments were conducted to show whether cork was formed under 
storage conditions and, if so, what effect the temperature maintained in 
the house at the time the potatoes were placed in storage might play. 
It is generally recommended that the storage house be kept at a tempera¬ 
ture of 25^ to 30° C. during the digging period and for 10 to 15 days there¬ 
after. Sometimes no attempt is made to raise the temperature to that 
height until after the potatoes are all dug. This may mean the lapse of a 
week or more before the curing period starts. 

A quantity of sweet potatoes were taken from the field to the storage 
house, cut into two parts longitudinally, and samples taken each day for 
six days. These showed a d}fing of the cells for a considerable depth 
beneath the tvounded surface but no differentiation of a starch layer and 
no cork formation. In another experiment the potatoes were cut on 
the day 'the curing period began. Here again there was no differentia¬ 
tion of a starch or a cork layer but a drfng of the exposed cells, which 
formed a hard covering over the wounded surface. No doubt either the 
temperature or the humidity or both were not such ns to permit the 
normal healing process to take place. 

The potatoes used in both of these experiments' showed no signs 
of decay in the two weeks during which they were under observation. ' 
The dried surface' of the wound seemed to afford an efficient barrier'to 
infection. In order to test further the of a dried surfacseto pre¬ 

vent infection the following experiments w^ere conducted. ' 

Potatoes were'taken directly from the field and placed in a dryer de¬ 
signed primarily for desiccating sweet potatoes and other vegetables* 
The potatoes were spread out thin over a wire netting, 'and a citrrent of 
warm air was forced up among them. The quantity of pototoes used, 
together with the am temperature and rate of'air movement,' is given in 
Table I. The^ potatoes after being treated'were kept in the drying room 
in,crates until the curing period was over, after wffiich they were moved 
to the sweet-potato storage 'house. Observations on the keeping'quali¬ 
ties' of these potatoes were made from'time to' time, and samples .were 
taken for the'"Study of' the cork formation. The table shows also the, 
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amount of deca}^ in each crate and the quality of the potatoes which did 

not rot. 


Tabi,B I -—Effect of drying su'eei potatoes in a current of warm air itpon their keeping 

qualities 


TRBATSD 


Quantity ol 
potatoes. 

'Time of drying. 

Rate oi air 
movement 
in feet per 
minute. 

Air temper¬ 
ature. 

Per¬ 

centage 

decayed 

after 

months. 

Quality of potatoes. 

Pounds^ 






44K. 

10 minute ... 

150 to 200 

46 to 49 

0 

Good. 

41/4 . 

20 minutes . . 

150 to 200 

46 to 49 

0 

EKj. 

SO--.. 

30 minutes .. 

150 to 200 

46 to 49 

0 

Do. 

42. 

40 minutes , . 

150 to 200 

46 to 49 

0 

Do. 

42^1®...,,. 

2!'*Clioiirs.^ 

i?;o 

51-5 

^99 

None marketable. 


hours.... .1 

150 

ci. t 

46 

Poor; few if any market¬ 


I J 

J*- J 

able. 

43K. 

1 3 Jlb 3 urs.1 

' ^50 

51-5 

63 

Do. 

AI.......... 

! 43'*^'hours....-i 


Kl. < 

22 

Poor; less than one-half 

^ 4 , ........... 


f 



marketable. 

43K. 

1 9 hours. 

190 

46 to 70 

59 

Very poor; none market¬ 






able. 

41^'^.. . i . . . 

‘ 0 hours.^ 

170 

46 to 70 


Do. 

40.. . 

1 9 hours. J 

174 

46 to 70 

38 

Do. 

43. 

j 9 hours.' 

190 

46 to 70 

i 

83 

i 

Do, 


CONTROLS 


i 

1 

jialf . 1 

j 

I 

1 None.... i 

1 1 

' Same as il 
for oth- Il 

1 0 

Good; all marketable. 

Do. 

42 

1 .do....... 

* 

ers af- !* 

0 

4 q ]4 .' 

L ....do.' 

! 

ter treat- j 

0 

Do. 



i 

! 1 

. ment. jj 



a Potatoes halved before treatment was started. & In. 15 days. 


These results within the limits of these experiments indicate that any 
attempt at case hardenmg or of stimulating or hastening the healing of 
the wounds of sweet potatoes at digging time by subjecting them to a 
current of warm air is likely to prove detrimental rather than beneficial. 
The potatoes subjected to a temperature of 46® to 49*^ C. for 40 minutes 
or less were not injured appreciably, neither was their keeping qu^ality 
improved. The control potatoes dug at the same time and handled in 
the: same manner, except 'that they were not subjected to a current of warm 
'air, kept equally well. On the other hand, the application of a warm air 
qurrent 'for more than 40 minutes predisposed the potatoes to decay. It 
is interesting to note also that the potatoes cut in two longitudinally and 
then subjected to a temperature of about 51.5® for %% hours began to 
da:ay almost at once. Sections of 'some of 'these potatoes revealed the 
fact that no differentiation into a„s-tarchless layer'or the formation'of 
TOund cork had taken place. . . ^ 
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A study of the influence of temperature upon cork formation was made 
after the potatoes had been in storage about 2 months. Halves of pota¬ 
toes from the storage house were placed in a series of chambers held at 
constant temperatures and humidities. Samples were taken whenever 
possible at intervals of 2 days for a period of 19 days. The potatoes at 
the higher temperatures soon decayed, so that in some cases only a few 
samples were obtained. Nevertheless, judging from previous work, it 
is thought that sufficient samples were available in every case for the 
purpose desired. In these tests all samples from each temperature were 
taken from the same half of the same potato and from a position just 
within the fibro-vascular ring. The temperatures and relative humidities 
at which these tests were carried out, as well as the results obtained, are 
shown in Table II. It is evident from this table that periderm foimation 
was most rapid at a temperature of 33® C., cork production being evident 
in 4 days and pronounced in 8 days. The rate of cork development w^as 
about the same at 31“^ and 26"^, producing in ii days a layer about equal 
to that formed at 33° in 8 days. At 19.5® cork formation was .great!}' 
retarded, and at 11.2^ no cork was formed by the fifteenth day, after 
which no examinations were made. Below this temperature no cork was 
formed within the time limit of this experiment ,(19 days). At 39° the 
potatoes decayed so rapidly that no samples were obtained after 4 days. 
In none of these samples was there any starchless layer formed. The 
walls of the cells just outside of the region where the cork layer probably 
would have developed if conditions had been favorable w'ere usually 
somewhat thickened and suberized. The surface and subjacent cells 
were always dead and brown to a varring depth, depending upon the 
conditions of the environment 


Table II ,—Effect of tmnpetature tipon periderm formaiion 


i 

^ Tempera- 
' tore. 

RUative 

ktnnidity. 

Condition after iiealing— 

4 days. 1 6 days. 

Sdays. , II days, i x 5 days. -I 19 days. ! 

44 

39 

33 

31 

26 

. 19-5 ; 
II. 2 ' 
8*5 
6.8 

I ' 

i 

nr i /*'i 

(*) 




,) 

, 1 

96 

96 

96 

96 

95 
. ,97 

96 

96 

95 


. * ‘ * 



, 


tt) 

(ti 





it) 

it) 

tt) 














{*) 

(*) 






! 


. . . ■ .i 


p. 

1 


:.i 



[ (*i i' 

i 1 


i 

1 





* No ccrk layer. f First mdicattoas of oodt layer. t Cock layer wel! devdcjpai 


This exp'eriment shows that a protective cork layer will form at tem- 
perattites between ;26° and 33*^ C., while, b.elow 26® the process is,, 
greatly retarded. ' 'As 'stated abo%%" sweet potatoes are ctir^i for from,. 

y, 3'' 
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10 days to 2 weeks when first placed in storage by subjecting them to 
a temperature of about 25"^ to 30^. This is likewise the most favor¬ 
able temperature for periderm formation. Experiments previously re¬ 
corded showed that in those particular instances no cork was formed 
preceding or during the curing period. In all probability the relative ^ 
humidity was the inhibiting factor. Similar experiments conducted at 
inteiwals of about 2 months throughout the season showed that at no 
time Vvere the potatoes able to form a cork la^-er over a cut surface under 
storage-house conditions. However, controls held in moist chambers 
in the laboratory at the same time never failed to do so. 

Although no periderm formed beneath cut surfaces under storage- 
house conditions, a cork layer was laid down just beneath dead rootlets. 
Likewise a similar layer of cells was laid down just beneath the wound 
made by breaking the potato from the roots. In the former case the 
dead rootlets probably served to prevent a too rapid drying of the 
wound, and a cork layer was formed. Likewise the deposit of the latex 
over the wounded end of a freshly dug sweet potato probably forms a 
protection against the escape of moisture, which may explain in part at 
least the formation of a cork layer under such conditions. 

Sweet potatoes which have sprouted either in the hotbed or' in the 
storage house have the 'po*wer to form a cork layer when placed under 
suitable conditions. Some sweet potatoes with soft and flabby ends 
were placed in moist chambers in. an attempt to learn whether they 
would form a cork la37'er. In most cases,, however, the exposed tissues 
at the dried end soon tinned brown and began to decay. This would 
seem to indicate that sweet potatoes lose their power to form a. protec¬ 
tive covering over their wounds when they once become badly shriveled, 
the degree of drying being the deciding factor. It has been demon¬ 
strated also {12) that sprouted Irish potatoes form a new cork over 
wounds, but that drying of the tissues, which usually accompanies ger¬ 
mination when potatoes are stored in a warm room for long time, 
retarded it. 

The skin of the sweet potato, as well as that of the Irish potato (ii), 
serves as an effective protection against the death of the tissues beneath 
by; desiccation and from the attack of microorganisms. When this is 
broken the exposed cells would soon die were it not for their power to 
form some sort of protective coveting. Incidentally this protective 
layer may possibly, at least to some extent, serve to prevent infectioia 
by microorganisms. 


/EFFICIENCY'OF THE WOUNDCOEX IN PREVENTING INFECTION' 

writers, have n^ly always failed to' produce 'infection in sweet 
'';pdta1:o^'by Rhizopus by smearing spores and hyphae'overn freshly put 
''SUiface. 'Ndvertfaek^j, ,woimded; sabJected^'to''certainVeondi- 
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tioris will almost invariably decay by tbis organism. It w'as tbongbt 
that perbaps these studies might show some correlation between the cork 
formation and the susceptibility of the potatoes to decay. Consequent!jj 
experiments were designed to test the resistance of the potato to infection 
through wounds which had been allowed to heal for different lengths of 
time. In these experiments potatoes were cut in two parts and placed 
in a moist chamber. After they had healed for a definite length of time 
a fresh cut was made in one half, which was to serve as a control. Both 
halves were then inoculated, and the results were noted. The “well’' 
metliod described by Harter, Weimer, and Adams (j) was used in most 
of the experiments described below. In these cases a hole was made into 
the cut half of the potato with a cork borer at the time the experiment was 
started and a similar hole was made in the control half on the day the 
inoculations were made. In other cases the method was slightly modi¬ 
fied, in that a hole was made in the cut surface of the potato with a 
knife and a similar hole in the control later. In both of these cases the 
inoculations were made by pouring into the cavities a 24-hour-old cul¬ 
ture of Rhizopiis ifitici in about 5 cc. of sweet-potato decoction. About 
half of the mycelial growth formed by this organism growing on sweet- 
potato decoction in a 150-cc. Erlenmeyer flask was placed , in ' some 
instances upon the flat cut surface of one half of a potato which had 
healed for a certain number of days and the remainder on the other 
half, the control, from which a slice about % cm. thick parallel to the 
wounded surface was first removed. 

In general, the results shown in Table III indicate that the cork layer 
does possess some power to prevent infection by Rhizopus, but in the 
majority of cases under the conditions of these experiments infection is 
only retarded. The method used is subject to criticism in that the test 
was an extreme one, since a large amount of veiy^ active hyphae and 
pnzym was placed in contact with the healed surfaces. Such conditions 
would never be duplicated in nature, and probably the cork laj'er would 
never be required to withstand such a rigid test under natural' conditions. 
However, as. pointed out above, attempts to infect even n freshly nut 
potato with dry spores or hyphae almost always fail. ^ It was necesmy, 
therefore, to use some method whereby infection of the control could "be 
obtained with certainty. 

The last column in the, table shows those instances where 'a cork /layer 
was actually demonstrated to be present by free-hand sections. 

'', It was pointed out, above that a cork layer did not form sO' readily about 
the base of a wound made by striking a potato against a dull instniineat. 
.Although no,attempt was made to determine the rate of cork formatioii 
atiout the base of' the “ well,'", it seems reasonable,to suspect that it might 
not'develop a,t a unifom rate^m aD'places. In that case these,tests of 
wiirserwotid' not'nec^sarily indicate the true value'of' healing asit 
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occur over a flat surface. This last criticism could not hold, however, in 
the cases where a piece of fungous felt was placed upon the cut surface. 
Here infection was retarded but not inhibited. 


TABiy:^ HI .—Effect of healing upon decay of sweet potatoes 


Date. 

i 

1 

1 



Results, 

Preseace of 
cork layer 
demonstrated. 

Nain-| 
ber of 1 
pota- I 
toes. 1 

; 

Method or 
inoculation. 

Time 

healed. 

Coa- 1 
trol [ 
halves; 

de- i 
cayed.i 

Seakdi 

lalves; 

de- i 
cayed.| 

USect 

of 

healing. 

Nov. 17,1919.. 

I 

Felt placed 

24 liotirs. 

1 

I ! 

I 

None. 

(a) 



on sur- 


! 






face. 


I 




Bo. 

I 

..,. .do. 

48 hours. 

I ! 

I 

Retarding 

(a) 




! 


decay. 

Bo ... 

I 

. do . 

3 davs... 

I 

I 

.....do. 

Cork layer 








starting. 

Bo .... ... 


.do. 

4 davs,.. 

■ I 

I 

.do. 

Distinct 







cork layer. 

Bo. 

1 

.... .'do. 

; 7 days.. .i 

I 

I 


Do. 

Bo.i 

I 

:.do. 

i II days. . 

I 

0 

Inhibited 

Do. 





1 


decay. 


Dec. iciiQ. 

0 

W^ell meth¬ 

; 6 days.,. . 

! Q 

0 ' 

None . 

, (^) 


y 

od. . 

; .y 

y i 


Dec. 5,1919. ... 

1 ^ 


i 24 hours . 

1 2 

0 

Inhibited 

(0) 


! 


i 

j ! 


decay. 


Do . 

; I 

. do . 

! 4 days. .. 

i I 

0 


('=') 

(^) 

Dec.12,1919. .. 

f 10 

. do . 

‘ 24 hours. 

10 i 

10 

None . 

Jan. 22,1920. .. 

i 4 

i . do . 

f 6 davs. .. 

4 

3 

Inhibited 

FO 


i 

1 

i 



decay in 



I 





I case. 


Jtme 17,1920. .. 

j 

. do. ,.... 

f 4 davs. .. 

12 

12 

Marked re¬ 

Distinct 




1 



tarding 

cork layer. 


1 


i 



of decay. 


Mar. 20,1920. .. 

!. 0 

.do. . . . . . 

:_no_ 

Q 

Q 

None . 


y 

I ; 

V 

y 


i 


o> Not exa min ed or no cork layer fotind. 


In order to study the effect of healing upon infection when cut sweet 
potatoes were subjected to conditions more nearly approximating those 
to which they would normally be exposed, the following experiment was 
conducted. About ^ bushel of medium-sized potatoes were washed 
with soap and water, halved, and then held for 6 days at a temperature 
of 30^ to 32° C. and a relative humidity of about 93 as registered by a 
standardized Lambrecht's polymeter. The potatoes were then divided 
into four lots. The healed surfaces of two lots were smeared with a 
,heavy'Suspension of Rhizopus spores in tap'water, using a soft cameFs- 
hair bru^. The other two lots (controls) were treated in exactty the 
'':;»ine way, "except that the healed surfaces were mt away^ to a depth 
about 5 .'before the spores were applied. One lot from each of 
was'placed; in an incubator'maintained, at a temperature 
Of' 25'® 'and 'rdative 'humidity .'of 96. "The O’ther 'two 'lots 'Were pfeced 
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in the sweet-potato storage house at a temperature of about 20® tO' 25^. 
Some potatoes were taken from the storage house at the time the experi¬ 
ment was set up, cut in halves, and the cut surfaces also smeared with the 
spore suspension. Table IV shows the results obtained as indicated by 
the final observations taken after iS days. 


Table) IV .—Efficiency of ike healed surface in preventing decay of sweet potatoes by 

Rhizopus 



1 

1 In incubator. 

; In storage house. 

Treatment 

j Number j 
1 of halves I 
1 decayed. 

1 

Nmnbo’ j Percent* 
of halves j age 
healthy. ? decayed. 

f 

i Number 
i of halves 

1 decayed. 

1 

j Number : 
1 of halves , 
1 healthy. 

1 Percent- 
i aee 

1 decaW 

Healed. 

0 

1 

351 ° 

; 2 : 

! j 

54 ! 

! r.S 

Healed surface removed. 

Fre,silly cut potatoes ^ from 

9 

S 1 64 

4 1 

12 1 

25 

storage kouse. 

S 

! 

6 1 57 

■ i 

1 16 i 

: 1 

4 i 

i 

I So 


The data contained in Table IV show that under the conditions of 
this experiment the healed surface formed a very efficient barrier to 
infection. In the incubator none of the healed potatoes decayed. On. 
the other hand, 64 and 57 per cent, respectively, of tliose from which the 
healed surface had been removed and the potatoes which were freshly 
cut decayed. Somewhat similar results were obtained with potatoes 
held in the storage house. However, in this instance one healed specimen 
decayed, while 25 and 80 per cent, respectively, of the' unhealed halves 
rotted. Since'the conditions' of this experiment more nearly approach 
those to which wounded potatoes are normally subjected, there seems 
to be little doubt that the healed surface forms a quite effective barrier 
against the attack of microorganisms. This is further substantiated by 
other experiments which are recorded below. 

In one experiment 11 potatoes which were injured at digging' time an'd 
had formed a hard protective covering over the wounds were used. 
A Van Tieghem cell was sealed upon the injured' surface' with vaseline'. 
A 24“hour-old culture of Rhizopus irUici in sweet-potato' decoction was 
poured into this cell and the top covered with a cover slip to prevent 
evaporation. The potatoes were held in a moist chamber at room tern- 
pet'ature. Jn no case did any rot occur, 

A similar experiment was. conducted in wHch the potatoes used had 
been cut 'and held in a constant-temperature chamb'cr at a high relative 
humidity for about 3'W'eek'S., Sections through the cut surface did not 
show a definite cork layer, but a subserization of some of the cell wails 
had 'taken'place, as 'was denoted by their reaction to iodin green. Four 
halves were used in this experiment, and in no C'ase .did any, rot take 
;place. Four 'Other potatoes' from this same lot .rvere inoculated"'in ;th'e 
'»de opposite '^the cut 'surface by the'Ordinary well method. ' These .wert:' 
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all decayed iii 5 days. Tlie fungus, however, was not able to soften the 
hardened layer of tissue over the healed surface. The inability of 
RkizQpiis tritici to break down this protective woiitid covering was 
demonstrated further by placing sections of this tissue in sweet-potato 
decoction upon which this fungus had grown for 3 days. Freshly cut 
sweet-potato blocks used as controls were entirely softened in less than 
48 hours, whereas the tissue over the -wound was not affected after 
4 days. 

The length of time necessary to form an impenetrable barrier over a 
wounded surface no doubt varies with, the conditions. Data presented 
in Table III show that under the conditions realized in some experiments 
a considerable retarding effect was exhibited after 48 hours, -while in 
other cases there seemed to be no delay or inhibition of decay after 
healing for 6 days. 

It has been demonstrated (i) that a cut surface of the Irish potato 
healed to such an extent in 12 hours that a virulent culture of Bacillus 
phytaphihoms Appel was unable to penetrate the tissue; furthermore (5), 
that wounded potatoes when inoculated 3 hours after being placed in an 
incubator at 30® C. failed to become infected, a protective covering 
ha\do.g already formed. 

It has also been found (4) that the wound cork is very effective in 
preventing infection of the sweet potato by Mucor sMonifer Ehrb, 
Similar results were obtained by other workers with these and other 
crops. 

The fact that the presence of a definite cork layer could not be demon¬ 
strated in some cases where decay was inhibited or retarded would seem 
to indicate that this layer is not alone responsible for the protection of 
the wounds. Certainly no cork layer could have been laid down in the 
instances mentioned above, where infection of the Irish potato was in¬ 
hibited by 12 hours' healing and in the case where it failed to become 
infected through a surface healed for only 3 hours. No doubt the suberi- 
zation of the surface cell walls is a factor in preventing the entrance of 
microorganisms, and even the dr}dng out of the injured cells may exert 
some retarding or inhibiting action against decay-producing organisms. 

SUMMARY 

(1) Sweet potatoes have the ability to form a cork layer over wounds 
when 'the environmental conditions are favorable. 

(2) The production of a cork layer is preceded by the formation of a 
layer, of s'tarch-free cells, usually 3 to 10 cells deep, beneath'the injured 
surface., Cross waUs^ begin to appear from the second to the third day, 
'and - by the fourth to the sixth day a distinct layer of, cork cells forms a 
cohering over the wound. 

" ''f3)'-Temp^time, an humidity are,important'factors m, regulating 
the foimatioh of' cork in the sweet potato, ,' Tins process took 'place more 
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rapidly at 33° C, tlian at any other temperature tried. However^ cork 
cells were formed at temperatures varying from 19.5^ to 33°. A rela- 
tive humidity of from 95 to 100 is favorable for cork production. 

(4) No well-developed cork layer was produced over wounds under 
the conditions existing in the sweet-potato storage house. However, a 
dry, hard surface covering was formed through which infection by arti¬ 
ficial means could not be obtained. 

(5) The results of numerous experiments indicate that the healed sur¬ 
face of a wounded sweet potato forms a fairly efficient barrier against 
infection by microorganisms, 
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TWO SCTEROTIUM DISEASES OF RICE 

By W* H. Ttsdai^s 

Paikohgisi in Charge of Cereal Smut hwesiigatiom. Office of Cereal Ifmestigaiioncj 
Bureau of Plant Industry^ United States Depatinteni of Agrimlture 

SEEDLING-BLIGHT CAUSED BY SCLEROTIUII ROLESII SACC. 

In the spring of 1919 ihe Office of Cereal Investigations undertook a 
study of the rice diseases of the United States with field headquarters 
for the work at the Rice Experiment Station, Crowley, La., conducted 
cooperatively with the Louisiana Agricultural Experiment Station. On 
June 12 of the same year J. Mitchell Jenkins, superintendent of 
the Rice Experiment Station, called the writer's attention to a seedling- 
blight occurring in Honduras rice and resembling maggot injury. After 
close examination of diseased plants, no signs of the root maggot could 
be found, but the constant association of mycelial fibers and' brown 
sclerotia with diseased parts was good evidence that the disease was of 
fungal origin. As the season advanced, 'the disease was found occurring 
to a greater or less extent in the various sowings on the Station farm. 
Varieties of both the long-grain and short-grain types of rice were affected. 
In the summer of 1920, the disease was equally as abundant on the experi¬ 
ment farm. It was found also on other farms near Crowiey but was not 
so abundant. Later in the summer of 1920, while the author was'at 
Gueydan, La,, studying the ‘‘straighthead " disease of rice, the farmers 
'seemed to be more interested in a seedling-blight which had been causing 
considerable damage in that vicinity. According to their descriptions of 
the disease it was identical with the seedling-blight at Crowley, although 
it was too late to obtain specimens for identification. Reinking ^ reports 
the occurrence of a Sderotium disease of rice in the Philippine Islands. 
He states that damage is caused in the seed bed and in rice near maturity, 
where the stems are attacked and sterile heads result. Reinking did not 
attempt to place the fungus specifically, but cultures of the Philippine 
form obtained from Mr. G- O. Ocfemia, a Philippine student in plant 
pathology at the University of Wisconsin, apparently are identical mor¬ 
phologically with the form in Louisiana. 

SYMPTOMS 

The appearance of small'areas of blighted or dead seedlings is the first 
noticeable sign of the disease in the field. (PI, 122, A.) These areas 
tend to follow the drill rows, and a part or all of the, seedlings'may be 

i EEINXIHG, Otw A SCOHOWC-H.&NT DISSASES. , Ifi PMlippllje JOW, Sci Sect A 'P*. U* 
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dead for several feet or even several yards. The disease may follow a 
row or extend across two or more rows, which are about 8 inches apart. 
The dead plants have a dark, moldy appearance, which indicates slow 
deatli and the presence of various saprophytic fungi. Alternaria and 
Helmintliosporium are commonly present on these dead plants. Plants 
which are killed by maggots are usually lighter in color, due to the rapid 
dr}dng after the stems are severed from the roots. The base of the stem 
and the roots of diseased plants are dark in color and often have a frosty 
appearance, due to the presence of wefts of the mycelium of the causal 
fungus. Brown sclerotia may be found attached to the roots or the base 
of tlie stem of diseased plants. Plants attacked by this fungus are not 
so easily removed by pulling as are plants severed at the base by root 
maggots, although the roots are almost completely decayed by the time 
the plants are dead. Infected plants first show a stunted condition 
accompanied by yellowing and withering of leaves, and a high percentage 
of the plants may show a distinct lack of chlorophyll or “pseudo-albino’’ 
condition, which may appear asAvhite stripes in the leaves or as almost 
totally white leaves. Part or all of the leaves on a plant may show this 
condition. Rice seedlings weakened by other root troubles in some cases 
may, show this same lack of chlorophyll. Plants badly affected , die 
slowly, the tips and margins of, leaves dying first and thus affording, a 
medium of earl}^ attack by saprophytic forms. Plants that survive until 
the irrigation water is applied, if not too nearly dead, usually recover, 
due to the fact that water immediately checks the development of tlie 
fungus. 

IMPORTANCE on THE DISEASE 

The distribution of the disease is not known, and consequently no 
estimate of damage can be given. In localities where it occurs, however, 
considerable losses may result. Early sown rice seems more subject to 
attack by the fungus than that sown later. This probably is due to the 
fact that seed sown later germinates more readily and the plants grow 
more vigorousl}’, thus giving the fungus less chance to overcome tliem 
before the irrigation period. The quantity of fungus material may be 
reduced somewhat because of the decrease of organic matter in the soil 
which serves as food for it. The fact that a large percentage of the seed¬ 
lings may be destroyed before emerging from the soil makes the disease 
more important than might be suspected from.,the dead seedlings seen in 
,the field. By digging into the soil, seedlings in various stages of devel¬ 
opment are found to have been destroyed. " 

Still mote importance was attached to this disease when an apparently 
identical fimgus was found growing in abundance on soybean plants on 
the station farm w^hero the soybean is .being considered'as a desirable 
crop To^Tptate with rice. "If these forms proved to be .identical there 
troiiM be ccmsiderable.danger of disseminating' the fungus with,'soybean' 
,, »ed. ‘ T ■ ' ' , \ 
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CAUSAI, ORGANISM 

Smallj brown, splieiical sclerotia were found constantly associated 
witb the decayed roots of blighted seedHngs. The coarse, white mycelium 
typical of Sclewimm rolfsii was present at the base of the sterns^ on the 
diseased roots, and in the soil immediately siinounding the roots. 
Fragments from freshl}^ diseased tissues, plated on sterile agar, gave pure 
cultures of S, rolfsii^ as did the sclerotia which were surface-sterilized 
and sown on sterile media. The organism grows vigorously and produces 
sclerotia abimdanthr on boiled rice. In culture it appears slightly differ¬ 
ent morphologically from the forms occtirring on soybean, w-heat, and 
tall oat grass (Arrhenatherum elatim (L.) Beauv.), but more nearly like 
the form from wheat. The difference, however, in any case is very 
slight. The sclerotia of the form on rice are more uniformly spherical, 
the myceliimi is not so coarse in appearance, and there is also a physio¬ 
logical difference brought out later in comparing the ability of these 
forms to parasitize rice. There is not enough difference, however, to 
wairant their separation as distinct species. 

The rice fungus is not a vigorous parasite. It attacks germinating seed 
and young seedlings before the root system is sufficiently established to 
combat the invasion. It is veiy" destructive to germinating seed but 
acts as a slow parasite on seedlings that have emerged, gradually destroy¬ 
ing the tissues of the roots from the surface inward (PI 124) until the 
seedlings are dead. It kills seedlings readily when grown in tubes on 
nutrient agar (PI 123). If there is an abundance of the organism in the 
soil the stand of plants may be greatly reduced (PL 122, B). On soil 
inoculated by sowing sclerotia mth the seed the stand was reduced as 
much as 50 per cent in some cases. Comparisons were made with the 
various strains of Sclerotium rolfsii mentioned above—^namely, from rice, 
soybean, wheat, and tall oat grass. The results of these experiments, 
given in Tables I and II, show that the forms from rice and wheat are 
equally parasitic to rice, while the forms from soybean and tall oat grass 
did but little damage to rice. This does not mean necessarily that all 
cultures from the so}"bean and tall oat grass would be such weak para¬ 
sites to lice. They also might become more parasitic after a period of 
adaptation accomplished through contact mtli the rice plant 

For experimental purposes, large galvanized cans 16 indies square 
and 15 inches deep w^ere used. These were filled witli about '10 inches 
of soil from a field where rice was never grown, obtained in such a way 
as to avoid contamination as much as'possible. Each can had a drain 
pipe at the bottom' for the purpose of regulating the' water supply. The 
cans were arranged in series of 10, and soil was banked, against them on 
the sunny'side to prevent overheating and too'rapid evaporation (PI 
122, B). The soil was .inoculated by sowing the fungus sclerotia with 
the rice seed* .'"'Honduras rice was used for these experiments, and 100 
smis were sown int' each can. 
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Table I.— ResuU 9 of genmnaiion of Honduras rice in soil inoculated with Sclerotium 
rolfsii from rice, soybea^i, tall oat grass, and wheat; sowings made on May 4 , ig 20 , 
and counts taken May 22 


i 

1 





Number of 




Percentage 

Number of 

plants 

TNTo ' 

Source ci fungus. 

Treatment. 

of germi- 

plants 

dead 




nation, a 

chlorotic. 

before 

1 





irrigation- 

I 

Rice.. 

Inoculated. 

25 


0 

2 


Control. 

71 

0 

0 

3 

.do. 

Inoculated. 

40 

10 

4 

4 


Control. 

55 

0 

0 

5 


Inoculated. 

37 

5 

3 

6 

.do. 

.do. 

28 

5 

2 

7 



24 

4 

I 

8 



33 

3 

2 

9 

.do. 

.do. 

33 

7 

.5 

TO 

.do. 


44 

10 

4 

I 

Tall oat ^rass. 


79 

2 

I 

2 

.do... 


71 

3 

0 

3 



70 

7 

0 

4 



63 

2 

0 

5 

.do. 


78 

8 

0 

6 

.do. 


S8 

3 

I 

7 

-.do. 

. do... . 

66 

3 

0 

8 


--do. 

63 

0 

I 

9 i 

.do. 

Control. 

73 

I 

1 

lo 



71 

0 

I 

I 

Soybean...! 

Inoculated... 

57 

0 

I 

2 


.do. 

55 

0 

0 

3 

.do. 


59 i 

I 

4 

4 



48 

3 

0 

S 


.do. 

62 

I 

I 

6. 



63 

I 

0 

7 i 


.do. 

58 

0 

0 

8 

.do. 

.do.. 

6g 

0 

0 

9 


Control. 

71 

0 I 

0 

lo 



72 

0 ' 

0 

I 

unbeat. 

Inoculated. 

34 

5 

0 

2 

.... .do.'.... 

.do. 

36 

10 

0 

3 

-,do. 

.do... 

34 

4 

0 

4 



34 

3 

I 

5 



23 

4 

0 

6 

.do. 

.do. 

18 


I 

7 

.do...... 

..... do... 


0 

K 

0 




0 0 

0 


8 

.do... 

.do. 


0 

I 

9 


Control. 

ri 

y 

0 

0 

10 

.do... 

.do.. 

59 

0 

0 


0 Controls are given in boldface tS'pe. 


Table I shows that the percentage of rice germination was considerably 
reduced where the soil was Inoculated with Sclerotium rolfsii from rice 
and wheat, while strains of the organism from soybean ^ and tall oat had 
but little, effect on germination, although some' of the seedlings were 
diseased.' The average gemmation, in soil, inoculated with the rice fungus 
"Was 33 per,cent,'as compared;,wi'th ,63 p.er'cent in uninoeulated-soil. 
There was an even, more 'Striking difference -vrhere; thex,soff'was^ihbeu- 
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lated with sclerotia from the wheat fungus. Here the percentage of 
germination in inoculated soil was only 29.9, as compared with 66.3 in 
uninoculated soil. There was a germination of 59 and 71,5 per centj 
respectively, in soil inoculated with the soybean fungus and in uninocu- 
lated soil, and a germination of 68.5 and 72 per cent, respectively, in 
inoculated and uninoculated soil where the tall oat grass fom was used. 
The difference in the case of the tall oat grass form could easily have 
been a variation in individual controls, as some of them ran as low as 
63 per cent. There was a noticeable reduction, however, where the soy¬ 
bean fungus was used as the inoculum. Diseased plants in these experi¬ 
ments continued dying until the irrigation water w-as applied, after 
which time all plants recovered, if not too severely damaged. The high 
percentage of chlorotic or pseudo-albino plants was very striking where 
the disease was present. A high percentage of these chlorotic seedlings 
died before irrigation. 


TablU II .—Results oj germination of Honduras rice in so I resown on June 2Qi 1020, 
after removal of a crop J weeks old^ 


Can 

No. 

Source of fungus. 

Treatment. 

Percentage 
of germi¬ 
nation. 

Number of 
plants 
chlorotic. 

Number of 
plants 
dead 
before 
irrigation. 

' 3 

Rice. 

Inoculated.. 

67 

0 

2 

4 ^ 

.do. 

.do. 

59 

0 

0 

5 

.do. 

Reinoculated. 

30 

I 

5 

6 

.do. 

Inoculated.. 

Si 

0 

0 

7 

8 

.do... 

.do. 

64 

0 

2 

.do. 

.....do. 

7 S 

74 

0 

0 

9 

— do_. 

Control. 

0 

0 

3 

Tall oat grass... 

Inoculated... 

75 

0 

0 

4 

.do. 

.do. 

61 

0 

0 

5 

.do... 

Reinoculated. 

5 ^ 

12 

4 

6 

.do. 

Inoculated.. 

75 

0 

0 

7 

.do..... 

.do—.. 

74 

0 

0 

8 

.do... 


67 

74 

0 

0 

9 

.do... 

Control . 

0 

, bx 

3 

Soy bean . 

Inoculated . 

74 

0 

0 

4 



75 

0 

0 

S 


Reinoculated . 

70 

7 

3 

6 

.do. 

Inoculated . 

64 

0 

0 

7 

S 

.do.'. 

. do .. 

74 

0 

I 

.do.'. 


59 

0 

0 

9 

.... .do... 

Control . 

70 

0 

0 

3 

Wheat .... 

Inoculated ... 

60 

0 

I 

4 . 


. do . 

So 

0 

3 

S 

.do. 

Reinoculated. ...... 

41 

5 

8 

' 6 

.....do.. 

Inoculated ........ 

61 

0 

0 

* 7 



76 

0 

2 

8 

.do,.... 


64 

0 

0 

9' 

..,. .do... 

Control. -. 

68 

0 

0 







» At the time of the first .seeding the soil was inoculated with Sclerotimn rolfsii from rice, soybean,, tafi 
oat grass, and wheat, 'Cati No. $ ia each series was reiaoctilated* 
b Worm i.a|ury. , ; ■ ,' *'' ■ , ■ ' 
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Two iaocitlated cans and one control can from eadi series were irrigated 
at a deptli of 4 to 5 inches 20 days after planting, and none of the plants 
died after the irrigation water was applied. Plants which showed signs 
of the disease revived rapidly after the application of the water. About 
7 weeks after sowdng the plants were removed from the remaining seven 
cans in each series, and the cans ivere resown. The Plonduras variety of 
rice was used, as in previous experiments, and 100 seeds were sowui in 
each can. Can No. 5 in each series wms reinoculated with fresh cultures 
of the same organisms used with the previous sowings. Results of these 
experiments are given in Table II. 

The results given in Table II indicate that the fungus is practically 
exhausted after eight weeks in the soil where rice is grown. Soil that 
was reinoculated (can No. 5) in each case showed the same proportionate 
decrease in germination as was shown in Table I. 

ENDURANCE OF THE FUNGUS 

The fungus remains in the sclerotial stage during seasons that are un¬ 
favorable to growdh. The mycelium will live for considerable lengths 
of time in the infected plant tissues and in the soil where there is suffi¬ 
cient organic matter to furnish food. Sclerotia kept in a dry condition 
for nine months germinated readily when placed under proper conditions 
of moisture and temperature. On May 28, 1920, sclerotia of the fungus 
were placed in small vials with cheesecloth over the top and immersed 
in water in the laboratory and in the field where rice was irrigated. On 
September 10 these sclerotia were almost 100 per cent viable. They were 
still viable on November 4. Under field conditions where the disease 
occurred the fungus lived through the period of irrigation and started 
developing on the roots and stems of plants after the fields were drained. 

DISSEMINATION 

The sclerotia float on the surface of water like cork and may be carried 
easily by imgation water. The fungus also grows vigorously as a sapro¬ 
phyte and may be caiTied about on old rice straw or in hay or other 
plant material that is moved from fields where it occurs. 

CONTROE MEASURES 

Thorough cultivation hastens the decay of organic matter in the soil 
and: also favors the germination of the sclerotia of the fungus. If in¬ 
fested soil is plowed early, allowed to stand for a few weeks, and then 
disked or well harrowed before seeding, the organic matter will have, a 
chtoce:tofiecay and.the fungus will be more or less exhausted. Rice 
sown later than the average germinates readily and grows vigorously, 
thus,,,giying.,the itxngus less: chance for attacking it* This is ,especially 
true where the soil is well prepared^and a good seed bed is made. 
sown before the soil has become thoroughly warm does not garmhxate 
promptly, and the growth oTthe's^lings is slow. SeedHngsdh such a 
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weakened or slow-growing condition are very susceptible to attacks by 
parasitic organisms, a fact wbicb probably accounts for the higher per¬ 
centage of the disease in early sowings. 

The fungus requires considerable air for its growth and consequently 
does more damage to rice seedlings when the soil is rather dry. Reinking ^ 
states that— 

\%en tliere is a lack of water in seed beds, the disease appears to be at its worst. 
vSecd beds should be kept flooded. 

Wlien the land is irrigated the gro-wth of the fungus is checked and no 
further damage is caused, while all plants recover that are not too nearly 
dead. If the disease begins to develop, the field should be irrigated as 
soon as possible. Observations, both in the field and in sowings made in 
inoculated soil, reveal the fact that the disease is completely checked by 
water. If the soil of a field is known to be infested, a much better stand 
may be obtained by irrigating the land sufficiently to wet it thoroughly 
at the time the seed is germinating. This would tend to hold the fungus 
ill check at the most critical stage in the seedling growth, as shown in 
Tables I and II. These experiments showed that the greatest injury 
was done before the seedlings emerged from the soil. 

To control the spread of the disease the rice grower should prevent 
irrigation water from flowing from infested fields to clean fields and avoid 
taking rice straw or hay from fields where the disease occurs and putting 
it on otlier soil, as the organism may be growing saprophytically on such 
dead material. Although the fungus from the soybean proved much 
less parasitic on rice than did the rice form, it is still possible for the rice 
fungus to be carried on the the soybean plants. It may also be carried 
as a saproph3^te, and it is advisable to select clean bean seed, especially 
if it is to be sown on uninfested land. 

STEMX^OT CAUSED .BY SCUEROTIIT^I ORYZAE CATT. 

In the rice fields at Crowley, I^a., in the spring of 1919, an abundance 
of small, black sclerotia were found in the tissues and on the surface of 
old rice plants and stubble of the previous year. The same condition 
was noted again in the spring of 1920, at which time tlie organism was 
obtained in pure culture from the sclerotia. ■ The fungus was then thought 
to, be of an entirely saprophytic nature. On August 5, 1920, considerable 
lodging was noted in^ a field of Early Prolific rice which was,being har¬ 
vested near Crowley. The affected plants were more or less collapsed, 
and the panicles were generally poorly filled and light. Near the ground, 
two or three nodes from the base, the stems appeared darker, and the 
internode where the irrigation water stood was found to be almost com¬ 
pletely destroyed ■ (PI.' 125). Only the thin, epidermal layer remained 
intact, and the stem often was completely collapsed at this point. In 
the cavity of the diseased portion of the stem and in the diseased tissues 

^ naWKiNO, Otto A rnmJms. In PMJippme Jour. Sd* Sect. A. v, la* 

m . 5, p..fl5s8. 19x8.'' 
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a weft of fine, wMte mycelium and numerous small spherical sclerotia 
could be seen (PL 126). Sclerotia were noted also in the sheath tissues. 
Apparently the sheath is the first part of the plant to be attacked. 

Indications are that the sclerotia float on the water and thus come 
in contact with the leaf sheath, where they germinate and penetrate the 
tissues, causing dark brown areas. These lower sheaths die when sub¬ 
merged in the irrigation water, and the fungus lives more or less as a 
saprophyte in the dead tissues and finally attacks the stems after the 
plants are older. The most severe damage is caused at the time the 
vitality of the stem is declining and the panicles are filling. The plants 
are weakened, and the resulting panicles are poorly filled and light. 

The fungus is easily cultured from sclerotia by dipping them in alcohol 
and then in mercuric chlorid (i to 1,000) for five minutes, washing in 
sterile water, and plating on agar. Fragment cultures irom invaded 
tissues also are successful. The organism grows vigorously on boiled 
rice and produces an ' abundance of the small black sclerotia. ' The 
mycelium, which is normally white, becomes a dark smoky color at the 
surface of the medium. The h3^hae, are 3 to ■ 5 microns in diameter, 
septate, and profusely branched. . Dry, mature sclerotia from the dis¬ 
eased stems range in size from 220 to 270 microns in diameter, averag¬ 
ing about 250'microns. They are black, and rather uniformly spherical, 
with a smooth surface. 

Cattaneo ^ described the organism in Italy in 1879 as follows: 

Sclerotia black, i/io mm. .in diameter, giistenlng, arising from a slendor white 
mycelium. 

The measurements of sclerotia given by Cattaneo are smaller than 
sclerotia! measurements of the form .found in Louisiana, but in all prob¬ 
ability his measurements were roughly made. Shaw ^ gives a range of 
measurements of the sclerotia of Sclerotium oryzae which easily covers 
the dimensions of the American form. Shaw measured sclerotia from 
cultures, however, and this probably accounts for the wider variation in 
size.. His description of the fungus on glucose agar is as follows : 

The sclerotia are at first visible as minute circular spots of a grayish color; sub¬ 
sequently they become black and shiny, exactly resembling those found in the rice 
plant. ' The hyphae are of the usual t3pe, the cells being about 4 to 6 microns broad 
and 150 to 350 microns long. They contain numerous oil globules and frequently 
branch. A trativerse septum occurs at the point of origin of a branch and not some 
distance from it. The sclerotia are roughly circular and vary in diameter from. 150 to 
500 microns. They arise from a plexus of interlacing hyphae which'continue to branch 
and intertwine until a small, spherical mass is formed. For a time the young sclero¬ 
tium increases in size by the adhesion of fresh branches to the periphery; ultimately 
’ the,'ceil walls turn black and all further growth ceases. 

'Symptoms'of tbe disease''given by the eastern writers are identical with 
, file s:3?mptoms of diseased plants in Louisiana with' the exception of tiller- 

CATtASnp.,, AdaJle. scxsaoTniM oryzas. mrovo paijassita veoarALn , , . Jn Ardx. I^fo, 

BoL' CrittogamicsO' IBu Univ. Bavia, v. 2/3> p. 75-83, pi. 7, XB79. ' B'ibliografia del genere Sclerotitim, p. 8i;-83« 
3 Shaw.,B, J. 'A, 'AnssSAseor sica. In Indk Dept Agr. Mem. Bet ser,, v* 6, m a, p. xx-aa, 
3 pi, J9X3. Bibliography, ■'' 
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ingj mentiotied by Sbaw ^ and Butler ^ in India. Tbis condition does not 
occur in tbis country to any noticeable extent and is not mentioned by 
Miyake ^ in. Japan. This perhaps is' due to earlier attacks by the fungus 
in India, which cause the injured plant to produce tillers. All other 
evidence indicates that the disease in the various countries is caused by 
Sderotium oryzae. The fungus was probably introduced into America 
with seed rice from some of the oriental countries. 

Honduras rice plants were inoculated by inserting mycelium of the 
fungus into needle punctures in the stem tissues near the water surface. 
Within II days there were noticeable lesions, and one plant had fallen 
from stemrot. One month after inoculation all plants were diseased, 
and sclerotia were present in the diseased tissues of some of them* 
Shaw ^ reports 70 to 80 per cent of fatalities to rice seedlings grown on 
nutrient agar and inoculated with the fungus. 

In 1920, the disease did considerable damage to early rice in the 
vicinity of Crowley, Ta., where it was first noted in this country. Early 
Prolific rice is especially susceptible to its attack, but all varieties were 
more or less affected. The disease was found also at Elton, La., where 
it did noticeable damage in 1920. Reports of its occurrence in Arkansas 
have been received, but specimens have not been obtained for identifica¬ 
tion. Cattaneo'^ states that the disease w^as. destructive in Italy as 
early as 1879. Miyake^ reports its occurrence in Japan in 1910 and 
says great damage is caused to the rice crop where diseased. Shaw ^ 
and Butler ^ in 1913 report considerable damage in various localities in 
India due to this disease. 

During the winter and other periods unfavorable to growth the fungus 
survives in the sclerotia! stage* The sclerotia from old rice straw and 
stubble germinate readily in the spring. These sclerotia can be carried 
easily from field to field by the irrigation water on which they float. 
Straw removed from the diseased areas also will carry the fungus. 

The Japanese varieties apparently are less susceptible to the disease' 
than are the long-grain rices. Early Prolific seems to be the most 
susceptible of all. There is a possibility of developing a resistant variety 
by selecting plants which withstand the attacks of the fungus. All 
diseased plants should be carefully remo'ved from plots where seed rice 
is to be obtained. Where the soil is infested with the' fungus the more 
resistant varieties,should be grown, in preference to varieties that are 
known to be highly susceptible. 

^ SlIAW, F.' J. F. OP. CIT. 

' 5 * Boxi.PJR, E, J. DJCSSASES OP Rjcs. hi Agf. Researdi Inst, Pnsa Bui. 34, p. 34-36. X913* 

8 KhtakS', Idiiro, SXTOIEN Cber me pilzE per reisfpeanzE in JAPAN, In Jour. CoL Agr. Imp. 
Umv. Vokyo. y. 2. no, 4, p. 264. 1910. : 

^ CaxI'ANEO. Achille, op. cit. 
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PLATE 122 

A. —Field showing seedling-blight of rice caused by ScUrotium ralfsii. Note dead 
plants and lack of stand in the two rows in centei?,;' 

B. —^The elffect on the stand of rice sown in soil inoculated with Sclerotium roifsii 
from wheat. The -first two cans in the series are tminocnlated. Note that seedlings 
are much more immerotis in these two cans. 
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PLATO 123 

A. —Rice seedlings in tubes of nutrient agar inoculated with Sckroimm rolfsii from 
rice. Tlie seedlings Iiave been killed. 

B. —Healtby rice seedlings on uninoculated nutrient agar. 



PLATB 124 

Photomicrograpli sliowing the mycelium of Scleroiium rolfsii invading the tissues 
of the basal portion of the stem of the young rice seedling. Note the clump of mycelial 
fibers in the lower center. 
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PLATB 125 

Steins of Early Prolific rice attacked by Sckroiium oryzae Catt. Note that tbe inter- 
nodes are completely collapsed. 



PLATE 126 ' 

Enlarged pkotograph showing the destroyed inner portion of a rice stem attacked 
by Schfoiium oryzfxe and the numerous black sclerotia of the organism present. 



Two Sclerotlum Diseases of Rice 
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A BIOLOGICAL STUDY OF THE RED DATE-PALM SCALE, 
PHOENICOCOCCUS MARLATTI 

By Arthur D. BordiEn ^ 

Scientific Assistant, Fruit Insect Investigations, Bureau of Eniomologyf United States 

Department of Agriculture. 

INTRODUCTION 

The present paper gives the results of a study of the biology of the 
red date-palm scale made during monthly field inspections in the Coa¬ 
chella Valley, Calif., during the year 1920. This study was conducted 
with the object of determining the factors- in the life history which may 
be of importance in considering control of this pest. No attempt has 
been made to determine the details of the life cycle, such as length of 
instars, variation in length of life cycle, etc., excepting those more 
important points which bear directly on the general study. Most of 
the work was conducted at the Government Gardens at Mecca, Calif., 
as the older trees in these gardens are generally heavily infested with 
scales, but frequent inspections were made of several of the larger com- , 
mercial plantings to check up the observations. 

distribution 

This scale was discovered in 1890 by Dr. C. L. Marlatt at Washington, 
D. C., on some date palms imported from Algeria, North Africa. In 
1899 Mr. T. D. A. Cockerell, while in Washington, studied the material 
collected by Dr. Marlatt and^ described the insect- as a new genus and 
species {Phoenicococcus marlatti Ckll.). Several years later Mr. Cockerell 
found small colonies in palms in the gardens at Tempe, Ariz. Since then 
the infestations have increased, and it has keen brought in-with prac¬ 
tically all of the later introductions of offshoots into California „and 
elsewhere. Distribution of these and other infested offshoots has estab-, 
lished the scale in practically every garden of imported palms, - - 

There are over 10,000 imported palms in orchard form in the Coachella 
Valley now, and practically all are infested. 

The quarantine act of 1913 ^ affecting interstate movement of infested 
■palms has restricted the distribution of this insect outside-of the States 

^ The writer wishes to ackiiowledg-i'the assistauace of Hr. Bruce- DnVnmond. and Mr. A. J. Sharablin, 'of 
lodio, Califo.who have given freely of their time and practical field experience. In many ways the present- 
work has been corroborated by'the observations and experiences of these men. ‘ 

S fANj ACT TO RBGtTLATE THE IMPORTATIOK OF NURSERY STOCK AND OTHER PLANTS aNd'PLANT PRODUCTS; 
TO ENABLE THE SECRETARY OF AGRICULTURE TO ESTABLISH AND MAINTAIN QUARANTXNB DISTRICTS FOR 
plant diseases 'AND INSECT PESTS. ... [Approved August 30, ipxs, amended March 4'. 3:9x3* and March 4* 
3:917. , In U. S. Statutes at Uarge, v, 37, pt. 1, p. 31S-31P. S53“8s4» xpx3; v. 39, pt, i, p. '1x65-1166,1917. ■ 

Journal of Agricultural Research, ' '' VoL XXI.’Ho. 9 

Washmifffcaa,i,l>* C. / Aug, 1,1921-- 

vise' ' ’ ' KeyNo.'KirpS 

' . ■ ■ ■ , ■ '-( 659 ) ' ' ■ . 
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and cotinties then known as infested, but distribution within this area 
has been only partially retarded. 

There is little probability of the dissemination of the scale by its own 
movement, as only during its very young stage does it move at all and 
it could hardly travel from tree to tree at this time. 

The most important means of distribution, is through the i,iifested 
oSsiioots. These offshoots are invariably rather heavily infested and 
derive the infestation from the bole of the parent tree. Many severely 
infested offshoots have been found in the propagation houses, where 
they are placed for rooting. 

Of lesser importance is^ the accidental carriage of the scale by the 
men at pollination time; and .carriage by birds, insects, and the wind, 
especially in the spring during the so-called migratory period of this 
scale insect 

ECONOMIC IMPORTANCE 

In severe infestations this scale has the habit of massing on the new 
succulent fruit stems' and leaf bases of the palm in such numbers as 
greatly' to weaken their normal development. In fact when the fruit 
stems are severely attacked the 'flow of sap is so greatly arrested that the 
fruit drops just before reaching maturity. Mr. Drummond states that 
a heavily infested Tazizaoot palm lost its entire crop for three successive 
seasons at the Mecca gardens. One date-growing company lost approxi¬ 
mately 1,200 pounds of fruit from 75 infested palms in 1917. In the 
early spring during the migratory period the insects mass not only on 
the fronds but also on the fruit clusters and occasion serious damage. 
That they also retard the normal growth of the palm is evident. 

DESCRIPTION OF STAGES. 

In the body of the'mature, wine-colored insect may be seen the de¬ 
veloping embryos with their six legs, antenna, dark eye spots, and coiled 
mouthparts. ' The young are bom alive and issue from the ventral s,ide 
of the mother scale into a depression in the body wall. 

nARVA 

The young female larvm is'flat and oval in shape, pinkish white in color, , 
0.24 mm. in length,'with body segmentation fairly well defined. The 
antennae are 6-segmented, The basal segment being very broad and the 
terminal segment cylindrical. The abdomen is 7-segmeiited and bears 
two pairs of sete on the caudal end, the inner pair being nearly twice as 
'long as the outer. The mouthparts are fully twice the length of the 
body, exceedingly fine and wliiplike. 

_ After remaining under the mother scale for a time the larva crawls out 
and wanders about in search of a suitable place to feed and then settles 
for''fife. The long stylet mouthparts are inserted, and the larva begins 
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to feed, Tke body becomes greatly distended with, sap and assumes 
a rounded elliptical shape, rather shiny and yellowish white In color. 
Fine filaments of “cotton’' are given off, first from the lateral glands, 
and before long the entire body is covered with a cottony mass. 

Under tliis mass the first molt occurs. The cast skin shows a ventral 
split and the exuvia is thrown off dorsad of the new insect (the mouth- 
parts remaining attached) and is incorporated in the posterior end of 
the cottony mass. 

The larva now appears somewhat long, oval, light yellow in color, 
without legs, and with antennae reduced to small tubercles. Feeding 
continues and additional “cotton” is secreted, but the insect enlarges 
so rapidly as to split the cottony mass dorsally and expose the insect. 
The skin becomes very tight before the second molt. 

The second molt is now passed, the cast skin splitting on the ventral 
side but not always completely thrown off, and the rapidly growing 
insect (now an immature adult) spreads it so as to leave it incorporated 
on the upper edges of the old “cotton.” The new insect is nearly round 
but somewhat flattened, i to 1.25 mm. in length, wine-red in color, and 
without apparent appendages or segmentation, but the antennae under 
high power are still seen as minute tubercles. The cottony mass formed 
during the immature period forms a nestlike bed for the scale. Embryos 
are soon formed witliin tlie body and develop rapidly. With the develop¬ 
ment of the mature scale the wine-red is replaced by a light brown, 
which starts at the margins; and the color changes to a bronze in the old, 
dead scale. No embryos have been found in the bronze-colored scale. 
From field observations it was found that in the cooler part of the year 
the insect passes from larva to a fully matured adult in approximately 
a month, and doubtless in the warmer months this period is greatly 
shortened. As to the life of the scale no definite records have been taken, 
but field observations would indicate that the scale lives, from six to nine 
months. This is determined by the development of the scale on the fruit 
stems and leaf bases which become infested in May but have no dead 
scale on them until late in November. 

Thus fax the writer has been unable to discern any distinction as to sex 
in the larva up to the j&rst molt. From the first, molt, however,, which 
in, the male fonn is similar to that described above, there conies a larva- 
similar to but smaller than the female second stage; and from this comes 
the male pupa, which is rather long, yellowish, and with antennae and legs 
folded close to the body. At the third molt the,adult male issues, usually 
through the end of the cottony cocoon. It is shaped not unlike a thrips, 
with distinct body segmentation, somewhat club-shaped ,anteBn£e, rather 
stout legs, and long, narrow, pointed abdomen, but without wings. The 
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male, 0.4 mm. lotig^ is very active and moves about nmcli more quickly 
than the female larva. The number of adult males in proportion to adult 
females is exceedingly small Throughout the year, in examining over 
300 and cocoons, the writer found as many as 30 male piipie but 
only 8 adult males. 

NATURE OF INFESTATION. 

The main infestation of scales on a mature palm (PL 127) is found on 
the white living tissues of the leaf bases and fiber bands from i )4 to 3 
feet down from the crown, or from the fifth to tenth leaf whorl (PL 128). 
Both inner and outer surfaces are usually infested, and the area may be 
from )4 inch to 5 inches in width. The scales will be massed together, 
often in more or less definite order and frequently several layers deep. 
Infestations of lesser severity will continue on the living tissues of the 
old leaf bases and fiber bands even to the ground, but as the margin of 
living tissue narrows the quantity of living scales becomes appreciably 
less. ’ These insects are usually buried to a depth of 4 or 5 inches 
under the plant tissues; and as the fiber bands and leaf bases are ex¬ 
ceedingly tight, the scale is well protected from heat, dry atmosphere, 
or control measures. Due to the rapid growth of the palm and definite 
migratory habit of the scale, the crowm of the tree for from three to live 
leaf whorls, depending upon its size and growth, is kept free of scales- 
This has been proved by cutting open the crowns of several palms and 
offshoots. During 'the greater part of the year (July to April) practically 
all of the scales are found on the leaf and fiber bases and the fruit stems. 
The small number found out in the leaf pinnae are usually of little im¬ 
portance. 

That the fruit stems of the current year are found in the area of the 
main infestation and are tender and succulent at their base explains in 
part' why they are invariably so heavily infested. A number of, fruit 
stems have been removed which wei-e completely massed with scales }4 
inch thick for a distance of from 6 to 18 inches up from the base. Such 
infestations seriously injure the development of the fruit. Another im¬ 
portant factor is that the fruit stem spathes open and the tender young 
stem is exposed at the same time that the so-called '‘spring migratory 
period’* of the scale takes place, thus insuring a complete infestation of 
that tissue. The buds for the blossoms are laid down deep under the 
leaf bases in July to September. The bud growth continues,through the 
,, fall and winter and the spathe pushes out in the spring. Flowering occurs 
in early April, or late April and early May, depending upon the season 
and'plant variation. Young palms often show'greater variation. It is 
during April, May, and part of June that' the greatest migratory period 
of the scale 'occurs and the exposed fruit stems become infested. The 
ptogress;of',tMs;lnfestation was definitely traced during April, May, and 
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June of 1920, By tke latter part of June the fruit stems of the current 
year were well infested. 

Of the infestations on the roots only the so-called superficial roots have 
been observed by the wniter to be infested (PL 129, 130). These short, 
fleshy, gnarled roots, forming above ground, at the base of the bole, are 
usually under decaying leaf bases and frequently, on old palms, carry a 
relatively light infestation. They are often so concealed as to be entirely 
protected. Attention was drawn to an infestation below the ground 
surface on the bole of a young palm planted in a commercial grove, but 
on examination it proved to be only a case in which an infested offshoot 
had been set out and planted deeper than normal, thus burying some of 
the scale infestation. It has been reported that the scale has been found 
on the main roots of the palms planted in a very heavy soil at Heber, 
Calif., which cracked open after each irrigation and left the roots more or 
less exposed, but no roots have been observed to be infested in the usual 
sandy soils. 

Some scales may be found in the pinnae of the leaves for a distance of 
from 2 to 6 feet out from the trunk at all seasons of the year, but the 
quantity is usually negligible. They undoubtedly get out there during 
the migratory periods and by. the natural pushing out of the growing 
leaves, but usually they are almost completely controlled by the heat of 
summer. In some cases scales will persist under the sand deposited in 
the pinnae and will reproduce, but in most instances this infestation has 
been almost negligible after a few hot, dry days. The greatest number 
are found out on the leaves from the latter part of April until the latter 
part of June, though they occasionally appear again in September and 
October during the so-called fall migratory period. The infestations in 
the leaf pinnae almost always cause brown pittings on the underside .of 
the pinnae, and tliese mai'kings are often used to determine whether a 
tree is infested or not when it can not be cut into. By July only a few 
living insects are found in tlie leaf pinnae. 

Certain varieties'of palms show heavier infestations than others. The 
following generally develop heavy infestations: Horra, Tazizaoot, Ehars, 
and Rohm Gazal. Palms vary gi'eatly in tlie tightness of then leaf fiber 
and bases, but this does not explain the variation in susceptibility to scale 
attack, as the variety Horra has a relatively tight fiber, but is possibly 
the most severely attacked. 

SEASONAL HISTORY 

The insect has been found in ail stages of development at all seasons of 
the year. This would indicate a continual reproduction and overlapping 
of generations. Though possibly the' greater number of active larvse 
were observed from March to December, even in January the scale was, 
in all stages of development. In January, however, the mortality among 
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the yotrng larv^, either from moisture (mildew) or coldj appeared to be 
higher than at other times. The greatest development of the scale is 
possibly reached in the spring (April to June). This is the so-called 
spring migratory period when the young leave the old areas of infestation 
and migrate up on the bole and out on the new growth of offshoots to 
new areas. ^ From the old center of infestation in the area of last year's 
fruit stems the new center of infestation is moved to the area of the fruit 
steins of the current year. This is accomplished by actual migration’''of 
the young larvse to the new leaf and fiber tissues above and to the leaf 
pinnae. That by June many of these larvae are killed in the exposed places 
is evident. From about the middle of April palms with heavy infestations 
show quantities of cottony masses out on the fronds and new fruit stems 
and on the new growth of their offshoots. By July this has practically 
all disappeared. 

Mr. Shamblin has often observed a fall migration similar to the spring 
migration. It is much less severe and the “cotton'' of the exposed in-^ 
sects is usually found out on the fronds of the offshoots and parent tree 
during ''September and October and disappears almost entirely by tlie 
latter part of November. The occurrence of this migration depends en¬ 
tirely upon weather conditions, a cool fall usually bringing on a migra¬ 
tion. No fall migration was noted in any gardens' during 1919. That 
this appearance of the insect is usually of relatively small proportion 
(less than half of the spring generation) and often is completely con¬ 
trolled by weather conditions makes it of much less importance tiian the 
spring occurrence. 

' In Tempe, Ariz., there is much less scale development than in the 
Coachella Valley, possibly due to a moister climate. This in a way 
corroborates the observations on the mortality of the young scales during 
January, 1920.' Mildew seems to form quickly in the scale mass when it 
becomes too moist. The preferred feeding place of the scale (the soft 
living tissues of the leaf bases and fiber strands) is'found to be cool and 
slightly moist even on the hottest day. This possibly explains the mor¬ 
tality among the exposed scales under the ho't, dry condition of summer. 

CONDITION 02? FRUIT STEMS AT DIFFERENT SEASONS 

A Study of the progress of the infestation on the leaf bases and fruit 
stems cut from heavily infested palms at different seasons of the year 
proved most interesting. It shows clearly how fruit stems of tlie cur¬ 
rent year become, infested from the spring migration and also shows the 
development of the scale. 

:' There are usually from 5 to 7 leaf bases between ,the tip of the crown 
and the fruit stems of the current'year and five leaf' bases between the 
;fruit Stem'S,,, of each succeeding year. 'The'leaf, bases ,:are arranged ,in a 
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spiral on the bole of the palm. The fruit stems come out from behind 
the leaf bases in a definite area around the bole each year. 

August, 1919. Fruit stems of current year (1919) heavily infested with immature 
and mature (wine-red) stages. Leaf bases above (first two) show rapid decrease 
(almost clean) in amount of scale of similar development. Leaf bases (third, fourth, 
fifth) below fruit stem with increasing amounts of old browm and bronze-colored scales, 
but still some living immature and mature forms. 

Fmit stems of 1918 dead and brown but covered at base with old dead scales. Leaf 
bases below with small margins of scales in all stages of development but decreasing 
in quantity, 

November, 1919. Condition similar to that noted above but wdth increased amount 
of scale mass and more reaching bro^vn stage. 

April, 1920. (Migratory period beginning.) 

Fruit stems of current year (1920) with only few (migrator>»- forms) on outside of 
bases of spathe. 

First leaf base above clean. 

First leaf base below clean. 

Second leaf base below witli only a few very young scales in fiber. 

Third leaf base below with young (migrating) forms settling. 

Fourth leaf base below with young and a few mature (wine-colored) forms. 

Fifth leaf base below heavily infested wdth wine-colored forms and with a few brown 
ones. 

Fruit stem of 1919 heavily infested in all stages, mostly brown and bronze. 

June 2,1920. (Migratory period about over.) 

Fruit stems of current year (1920) lightly infested from 6 to 18 inches from base 
with' immature scales. 

First leaf base above clean. 

' First leaf base below lightly infested with immature forms. 

Second leaf base below lightly infested with immature and wine-colored forms. 

Third leaf base below with medium infestation; some brown scales but mostly 
wine-colored and immature forms. 

Fourth leaf base below heavily infested with brown and wine-colored forms, some 
immature at lower margin. 

Fifth leaf base below heavily infested, all brown, mostly dead. 

Fruit stems of 1919 heavily infested, all brown, dead. 

NATURAL ENEMIES 

Apparently there are few natural enemies of the red date-palm acale. 
Of greatest importance is the little beetle identified by Mr. E. A. Schwarz 
as Laemophloem {Cfyptolestes) truncatus Casey (?) found working through¬ 
out the year on the ■ heavier infestations in the Mecca gardens. Occa¬ 
sionally definite galleries of destroyed scales were noted 'where these 
beetles were working. This beetle was also found feeding on the scales 
outun, the fruit clusters in a commercial garden during the latter part 
of April. 

In January, 1920, a number of orange-pink dipterous larvse, possibly 
those of .some species of Itonididae, were found under a leaf base in the 
midst of a mass of scale insects. 
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SUMMARY OF BIOUGOY 

Following are the important points in the biological study iti relation 
to control: 

1. The most important means of distribution is through imported 
palms and offshoots from infested trees. These offshoots are in.variably 
severely infested and carry the infestation through propagation to new 
plantings. 

2. The main infestation on a mature palm is limited to the area ex¬ 
tending iX to 3 feet below the crown, the crown tissues being free of 
scales. Lighter infestations continue on down, the bole even to tlie 
ground. 

3. - From July tO' April practically all of the scales are concealed be¬ 
neath the leaf and fiber bases and on the fruit stems of the current year. 

4. The so-called spring migratory period of the scale is from April to 
June, and it is at this period that the new tissues and fruit stems become 
infested from the infested area of last year’s fruit stems. 

5. The majority of the exposed generations of the migratory periods 
out on the leaves are killed by the dlry, hot weather following the migra¬ 
tion, though some may persist in certain protected pinnas and reproduce 
a limited number of scales. 

6. The scale is found in all stages of development at all seasons of tlie 
year on the soft tissues of the leaf base and fiber band tissues. This 
indicates a continuous overlapping of generations. The duration of eacli 
generation is apparently from six to nine months. 

CONTROL METHODS 

, Though the exposed red date-palm scale is readily killed by most con¬ 
tact insecticides its protected position under the leaf bases and tight 
fiber bands makes control by spray or fumigant most di’fficult. It is 
necessary to use a spray which will penetrate deeply between the fiber 
bands and leaf bases and to repeat the applications consistently in order 
to reach the maximum number of scales. As shown in the biological 
studies, it is important to check the migrations of the scale, thu,s pre¬ 
venting' the new tissues and fruit stems from becoming infested. 

The formula and spray calendar recommended by Mr, Drummond and 
Mr. Shambiin are as follows: 


Liquor cresoHs compositus, U. S. P...i part 

Distillate or kerosene.4 parts. 

Water........ 50 parts* 


If kerosene is used in making tlie stock solution, only the very best grade should be 
used, as oils of low specific gravity tend to retard, good emulsion, in many cases injuring 
the offshoot or growing palm. 

The spray is best applied by a power sprayer with a good agitator and 
under 200 to 225 pounds pressure, two leads of 30-foot spray hose being 
used. Six-foot to 12-foot spray rods with driving-spray nozzles set at 
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an angle of 45°, should be used. It is advisable to work from an elevated 
platform in spraying tall palms, rather than to use too long a rod. 

Before attempting to spray, the palms should be properly pruned, 
surplus leaves being removed from the parent plant and the short method 
of pruning being used on the offshoots. Where possible, especially in 
the spring months, as many of the offshoots as are ready should be re¬ 
moved from the parent plant prior to spraying. On old palms the 
decayed leaf bases and infested superficial roots should be removed. If 
the dirt has been worked up around the base of the palm during cultiva¬ 
tion this should be removed before spraying. 

Too much importance can not be given to making a thorough applica¬ 
tion of the spray. Starting about a foot below the crown of the palm the 
solution should be so thoroughly applied as to soak all the fiber and com¬ 
pletely fill the spaces between the leaf bases from this point to the ground. 
A slow, careful application made from at least two sides of the trunk is 
to be prefen-ed to a hasty, incomplete spraying. The spraying of, the 
old leaves to control the infestation in the leaf pinnse may be limited to 
severely infested trees and especially immediately following the niigra- 
toiy periods. An average lo-year-old tree with a 6-foot trunk, properly 
pruned, will take from 15 to 20 gallons of spray. 

The proper time to spray is determined and limited by the time the 
fruit crop is off, the migratory period of the scale, the blooming period, 
and the time the fruit begins to make sugar. On imported palms 
(barring seedlings) the fruit is generally all harvested by November 15, 
the blooming period is from the latter part of March on until May, the 
spring migration of the scale is from April to June, and the fruit begins 
to make sugar about August. This permits four sprayings per year, as 
follows: 

First spray period...Jan. i to Feb. 15 | 

Second spray period.Feb. 15 to Apr. x 

Third spray period.May 15 to June 30 

Fourth spray period...July i to Aug. 15 ' 

On seedling palms the spray periods will of necessity be governed by 
the factors mentioned above and will also vary with different varieties. 
In most cases the spray periods will be of shorter duration, but even then 
not less than four sprayings should be given. 

The treatment of infested offshoots as' now practiced consists of 
thoroughly and completely dipping the cut offshoots in a bath of the fore-, 
going solution. They should be submerged for 15 minutes, taken out 
and drained for 24 hours, and then submerged a second time for 15 
minutes, making 30 minutes altogether in the solution. This solution 
at a strength of i to 50 will not injure the offshoot if left in it 24 hours. 
Offshoots 'should also be carefully inspected and sprayed during propa¬ 
gation planting. ' ■ 







PLATE 127 

Showing nature of growth of leaves, fruit stems, and offshoots of date palm. 
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PI,ATB 128 

Typical infestation of Phomicococcus marlatti at base of leaf stem of date palm. 
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pi.at:]Si29 

Superficial roots on old palm generally infested witli Pkomicococcus marhUL 
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PIRATE 130 

Close-up of super^cial roots, showing infestation of Phoenicococcus marlaiiL 




RED DATE-PAEM SCALE, PHOENICOCOCCUS MAREATXI: 
A TECHNICAL DESCRIPTION 

By Harold Morrison ^ 

Entomologist} Tropical and Subtropical Fruit Insect Investigations^ Bureau 
of Entomology} United States Department of Agrictdture 

The accumtilation of information concerning the identity and distii- 
bution of Phoenicococcus marlaiti CklL, the biology of which is discussed 
by Borden has been largely due to the efforts of American ento¬ 
mologists and botanists interested either in the insect itself or in the 
introduction of the date palm into the United States. An examination 
of the specimens from which this species was described, preserved in the 
National Collection of Coccidae, shows that it was first collected by Dr. 
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Fig. I.—Preseat known distribution of the red date-palm scale (Plioenkococcus marlaiii)} the records based 
on specimens examined being indicated by large black dots and those based on published records of the 
occurrence of the species by small black dots. 

C. L. Marlatt on August 7, 1890, on young date palms imported probably 
from Algeria and held at the time in the grounds of the Department of 
Agriculture in Washington. Subsequently the species has been recorded 
on many, if not all, of, the importations of date palm plants from North 
Africa and Arabia. The National Collection of Coccidae at present includes 
specimens from the following definite localities, these being indicated by 
large round dots on the accompanying distribution map (fig. i). 

Asia,—-B tissorali, Arabian Gulf, specimens collected at Washington,, B. C., June, 
9, 1905; Haifa, Palestine, specimens collected at Washington, D. C., January 30, 
1912, by E. R. Sassceron S. P. I. No. 32721 ® (15). 


^ 7 'he drawings illustrating the structural characteristics of the insect 'described herein have beai 
prepared by Emily Morrison, of the Bureau of Entomology, and the two photographic illustrations by 
E. R. Sasscer, of the Federal Horticultural Board. 

» Reference is made by number (italic) to “Literature cited,” p. 647-676. 

* I%eiga Seed and Plant Introduction accession number. 
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Aj?rica.— Egypt: General locality, specimens collected, at Tucson, Ariz., July, 
1904, by R. H. Forbes; general locality North Africa, specimens collected at New 
York City, July, 1920, by H. B. Shaw on N. Y. F, H. B. No. 595^; Cairo, collected 
at Washington, D. C., February 9, 1912, by E. R.'Sasscer; Alexandria, specimens 
collected at Washington, B. C., May 26, 1920, by H. Y. Gotildman on F. H. B. No. 
31843.^ Ttinis: Souf Oases, Sahara Desert, specimens collected June 28, 1907, by 
W. T. Swingle on S. P. I. No. ( 8 ), Algeria: General locality, listed as ‘'Alge¬ 

ria or Egypt” by the describer of the species, specimens collected at Washington, 
D. C., August 7, 1890, hj C, L. Marlatt; Orleansville, place of collection not given, 
specimens collected by T. D. A. Cockerell, in 1899. 

North America.— -California: Mecca, specimens collected by A. B. Staubenrauch 
61 February, 1906; the same, specimens collected by A. J. Shamblin, August, 1914; 
the same, specimens collected at various times during 1918-1920 by A. D. Borden; 
Imperial Valley, specimens collected by C. J. Brand, April 14, 190S; Indio, speci¬ 
mens collected at Washington, D. C., December 2, 1920, by W. B. Wood on F. H. B. 
No. 32068.® 

In addition to these records for which specimens have been examined, 
the following published records have not been verified by actual study 
of specimens: Cockerell (j) reports the species from Tempe, Ariz., in 
1902, Newstead (4) describes this species as new under the name Sphae-* 
rococais draperi from the Government Gardens, Delta Barrage, Egypt, in 
1906, and his description was reprinted with comments in tlie Agricul¬ 
tural News (5) for the same year. Draper (d, p. 12) lists this species 
under Newstead’s name in the same year and states that it is common 
throughout lower Egypt. Cockerell (7, p. jpi-ipa) again reports it 
from Tempe, Ariz., in 1907. It is discussed from the general locality 
of Algeria by Trabut (p, p, 68) in 1910. Lindinger in 1912 (.n, p. 247- 
248)^ and again in 1913 (17, p- 68g) reports the species from Algeria, 
Tripoli, Egypt, and Italy/^ Essig in 1913 (ip, p, 94) and again in 19x5 
(ai, p* 123-124) notes its occurrence in Riverside and Imperial Counties 
in Califomiay as does Cook {20) in 1914. The Notice of Quarantine No, 
6 of the Federal Horticultural Board of the United States Department 
of Agriculture (ij) gives Riverside and Imperial Counties in California, 
Yuma, Maricopa, and Pinal Counties in Arizona, and Webb County in 
Texas as localities where the coccid now occurs in the United States. 
Forbes (id) in connection with a discussion of lie' control of date-palm 
scales gives Phoenix, Ariz., as a place where this species occurs; and, 
finally, Pierce (22, p, 162) in 1917 lists it from Algeria, Egypt, and Sahara 
as among the dangerous insects likely to be imported into tlie United 
States/" All of ^ these published localities are indicated on the accompany- 

i Federal Horticiiltwai Board (Fort of New York) accession number, unpublished. 

^ Federal Horticultural Board (Washington, I). C.) accession mtmber, unpublished. 

3 Foreign Seed and Blaut Introduction accession number. 

* Eindinger { 14 ) says (translation)' 'reported once fromitaly.*’ It has not been possible thus far to locates 
this report in any other coedd literature, and Beonardi ( 22 ) fails to indude the species in his list of Italian 
Coccidae published in 193 : 7 . 

^ In an'article appearing after the preparation of this description Btocton ( 25 ) notes the occurrence of 
this insect in Egypt and'Algeria, its importation and establishment in California and Arkona, and M& 
failure to locate, it in Mesopotamia where he made.an investigation of date-palm insects. He gives a 
fairly extended discussion of its habits and calls attention' to a paper by Trabut (xa) describing an Algerian 
" disease of date palms caused by'this scale insect. ■' 
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ing distribution map (fig. i) by small black dots. Besides these, Wilsie 
(j^) and Popenoe p. 151) discuss this insect without giving definite 
distribution records. In every case on record, the host of the insect has 
been some variety of the date palm, Phoenix dactylifera L., and all of the 
evidence now available indicates that it is probably confined to this 
host in nature. 

The preceding definite records of the occurrence of this species indi¬ 
cate a very scattered distribution, but considering its habits and the meth¬ 
ods employed by human agencies in distributing its host, it is highly 
probable that this scale insect actually occurs wherever the date palm 
is cultivated, as has been suggested by Dr. W. T. Swingle and Prof. S. C. 
Mason, of the Bureau of Plant Industry, United States Department of 
Agriculture, both of whom have made collections of date palms for intro¬ 
duction into the United States, 

It is not possible at present to give definitely and accurately the rela¬ 
tionships of this species to other coccids. It has previously been placed 
as a member of the subfamily Dactylopiinae, which is obviously made 
up of a number of only slightly related groups, few of wMA have 
shaped themselves with any clearness thus far; and this species will, 
with little question, be found to be a member of some one of these in¬ 
completely defined groups within this subfamily. 

The recent study by Ferris {24) on the genotype of Sphaerococcus has 
shown clearly that the species under discussion has no close relationship 
whatever with Sphaerococcus, that Prof. Cockerell (i, p. 262;^ 2, p, 2yy) 
was entirely justified in erecting a new genus for it, and that the con¬ 
clusions of Newstead (xo, p, 104) and of Uindinger (ii, p. 247-248; 17, 
p, 68g) to the effect that this species should be known as Sphaerococms 
marlatti rather than Phoenicococcus marlatii are incorrect. 

The technical descriptions of the various stages of both sexes follow* 
Phoenicococcus marlatti Ckll. 

Larva (PI. 131, A-I).—^Embryonic larva ready to emerge from female elongate 
oval, length about 0.27 mm., width about 0.13 mm.; antennae 6-segmented, placed 
rather close together at .anterior apex of body, front of head between bases straight, 
hasal antennal segment much enlarged, 12 microns long by 23 nncrons wide, stout 
truncate-conical, tlie remaining segments much more slender, approximately cylin¬ 
drical, the measurements of one antenna in microns as follows: II, 10.5; III, 7; IV, 7; 
V, 7; VI, 18; legs small, the basal portion stout and the tarsus somewhat swollen, 
tarsal claw with denticle, the approximate measurements of a middle kg in microns 
as follows: Coxa, ii; trochanter* 4; femur, 25; tibia, ix; tarsus, ix; claw,'7; digitule 
about 10.5; beak apparently i-segmented; with two pairs of thoracic spiracles, these 
small, each with a relatively long, flat, chitinized bar attached, and each with a single 
quinquelocuiar pore just anterior to the opening; derm with seven pairs of long tubular 
ducts, each terminating in a bilocular 8-diaped pore at its inner end, opening along 
the body margin, these two pairs on the head, one pair on the mesothorax, one on the 
metathorax, and one pair each on the first, fourth, and terminal abdominal segments; 
dorsally with three pairs of similar, but smaller ducts, one on each side about half way 
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between middle line and body margin, one pair on posterior half of mesothorax, one on 
anterior half of inetathorax, one on first abdominal segment, no types of pores other 
than these two observed; derm bearing only small, slender setse, these in longitudinal 
rows, with a stibmediaii and a submarginal both dorsally and ventrally, and a marginal 
row, this last having the smallest setse, with one seta of each row to each segment, at 
least on the abdomen; a few of the setse near the antennae much larger; apex of body 
temainating witli tw’-o pairs of very large setse, relative to those on the body, the outer 
pair about 53 microns long, the inner about 125 microns; without traces of anal lobes; 
anal ring small, simple, fiattened and extended below, with a more heavily cliitinized 
inner margin, placed apically or a little ventrally, bearing two small setse above, two 
near the lower edge of the opening, and two, larger, at the lower edge of the cliitini- 
zation. 

Second-stag^ eemaeE (PI. 132, A-D).—Shape variable, according to stage of 
development, shortly after first molt somewhat ovate, broadest a little anterior to 
middle, tapering posteriorly, rounded anteriorly, length at this time 0.32 mm*, width 
about 0.185 mm., later enlarging and approaching more nearly the broad oval form 
found in the typical adult; derm clearing completely on being treated with caustic 
potash, showing many small, angularly pointed papillae, these much less conspicuous 
in the older swollen specimens, not in distinct close clusters, but scattered along the 
body margin and in the submarginal area beneath, largest anterior to the antennae; 
antennse placed ventrally near anterior apex of body, nearer to margin than to each 
other, very much reduced, apparently i-segmented, the apex slightly invaginated 
and bearing five small, stout setae; without traces of the eye spots or legs in mounted 
specimens; framework of mouthparts large and conspicuous, beak very short and stout, 
apparently i-segmented, but this not definitely determinable; spiracles with a circular 
opening at the outer end of an elongate chitinous bar having a somewhat expanded 
timer end, and with a loose cluster of 4 to 7 relatively large, quinquelocular disk pores 
around the opening, the anterior spiracles usually with one or two more of these than 
the posterior pair; derm along the margin, and in the submarginal region ventrally, 
with a number of the long tubular ducts already described for the larva, these scattered 
rather uniformly, varying somewhat in size and much less numerous than the derm 
papillae; body dorsally, at the margin, and ventrally with a few longitudinal rows of 
short and stout, acute set^; anal ting placed ventrally near the posterior apex of the 
body, small, simple, the opening somewhat kidney-shaped, retaining a single pair of 
small setse, these morphologically at the lower angles of the ring. 

Aduet eemaeE (PL 133, A, D-M; PL 134).—^Phe living specimen, lying on the 
surface of the host tissue, more or less surrounded by a rim of dense waxy secretion, 
this ordinarily white, but often discolored through the incorporation of particles of 
foreign matter; body varying considerably in shape, stout oval, often somewhat 
broader'behind, not strongly convex, the dorsal surface fiattened, ventrally excavated 
along the middle line, presumably to furnish a space for the emergence of the larvae; 
body color reddish, except for the central area, this appearing pale greenish yellow; 
dorsally faintly shining; with some fine, scattered, curved, glassy threads of secretion 
dorsally, particularly near the margin; color ventrally similar to that of dorsum, 
with the large groove already mentioned more or less filled with a loose, fluffy secretion 
of glassy threads similar to those occurring dorsally, but much longer, much more 
abundant, and curled. 

Adult female morphologically stout and broad oval, often nearly circular, length 
just'after molting about 0.5 mm., width about 0.37 mm., maximum length of ^eci- 
'mens examined 1.4 mm., width i.i mm,; derm just after molting clearing completely 
on being treated with caustic potash, the derm around the margin showing a broad 
bandnf closely crowded, elongate papillae, each’with serrate or denticulate apex, and 
dorsally, laterally and, ventrally longitudinal rows of small, stout'seta; Mly iimtuied 
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adult, as indicated by the measurements given, considerably larger and broader, derm 
remaining more or less chitinized and yellow brown on being treated witb .caustic 
potash, the extent of this apparently depending on the age of the specimens at the time 
of their separation from tlie living host; antennse placed ventrally near the body 
margin, separated from each other by a distance slightly greater than the width of 
the framework of the mouthparts, very small, apparently i-segmented, and of peculiar 
construction, the apex invaginated for full^^ half its length, and bearing five short 
spines at the bottom of the invagination, these protruding little, if any, beyond the 
mouth of the invagination; legs entirely wanting; framework of mouthparts large, 
but relatively less conspicuous than in preceding stage; beak small and stout, conical, 
segmentation not definitely determinable; spiracles with an elongate bar, expanded at 
inner end, with a loose cluster of from 12 to 15 quinquelocular disk pores around the 
opening, and wdth a varying number of similar pores scattered beyond each spiracle 
towards the margin, these particularly noticeable opposite the anterior pair; derm 
with the papillse remaining closely crowded at posterior and anterior apices of body, 
but mnch more scattered along lateral margins where the principal expansion due to 
growth evidently occurs; derm with only one other type of pore in addition to the 
spiracular pores, this a long tubular duct with bilocular inner end, similar to those of 
larva and second stage, but much more abundant, varying somewhat in size, a few 
scattered dorsally, but mostly occurring along the margin and ventrally, never in 
clusters, although more numerous in certain areas, as throughout the ventral groove 
region, tlian in others; derm with an occasional small seta, these most numerous in 
the mid ventral abdominal area; anal ring placed ventrally near the posterior apex of 
the body, small, simple, heavily chitinized, retaining the two lower setae only as in 
preceding stage. 

Mai,® larva. —Apparently indistinguishable from that of female. 

Mal® s®cond-stag® larva (PI. 131, J-M).—^Rather elongate ovoid, broadest 
before the middle, length about 0.32 mm., width about 0.18 mm., probably flattened; 
antennae placed near anterior apex of body, separated by the width of the framewwk 
of the mouthparts, small and short tubular, apparently i-segmented, more or less 
invaginated at apex; legs entirely wanting; framework of mouthparts very large and 
conspicuous, beak small, short conical, segmentation not determinable; spiracles 
small, with a heavy cliitinous bar somewhat expanded at inner end, each accompanied 
by a single, normally quinquelocular disk pore; derm with some of the tubular ducts 
of other stages along the margin of the body and in the submarginal area ventraEy; 
derm, at least on the abdomen, with eight longitudinal rows of small setae, one seta 
of each row^ to a segment, two rows dorsal, two marginal, and four ventral; derm with 
a few small papillae around the posterior apex of the abdomen, these quite incon- 
spicuotis; anal ring small, simple, kidney-shaped, retaining the lower two small 
setae, and showing a slight chitinized connection with tlie still low^er pair of large 
setae, but these well removed from the ring proper. 

Mal® pupa (PL 131, N; 132, E).—Elongate oval, length about 0.36 mm., width 
about o.x6 to 0.18 mm.; antenna and legs large and conspicuous, showing distinct 
segmentation in stained specimens, all these long conical, tapering from base to apex, 
the antenna placed at the anterior apex of the body and protruding laterad and a 
little backwards, showing five distinct segments; anterior legs pointing cephalad, 
parallel and somewhat overlapping the antennse, intermediate legs directed back¬ 
wards and outwards, posterior legs extending backwards, nearly parallel and nearly 
reaching the apex of the abdomen, all the legs showing five distinct segments, in 
stained specimens; mouthparts wanting, the derm with a large, rottghly circular, 
diitinized area at the point where these occur in other'stages; spiracles small and 
stout, without quinquelocular or other pores; derm, so far as can be noted, 'entirely 
without specialized secreting pores or ducts; with eight rows of tiny circles, these 
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possibly normally spine-bearing, two dorsally, two ventrally, two close to margin 
dorsaltyj and two submarginal ventrally; body terminating in a lieavy, short, cylin¬ 
drical protuberance having an irregular transverse opening in its center. 

Adult malB (PL 133, B, C, N-R).—Elongate, slender, sides nearly parallel, 
rounded anteriorly'and tapering to a point posteriorly, dimensions from specimens 
mounted alive in balsam, length 0.42 mm., width 0.14 nun.; anterm® stout, placed 
close together at anterior apex of body, the two bases separated by perhaps half the 
width of the basal segment, this much broader than long, the second segment stout, 
somewhat larger apically, the third segment with a slender stalklike base, this with 
several grooves and ridges running around it, but the apical three-fifths strongly 
expanded, fourth segment also triangular, but stouter at base than third, remainder 
of antenna, in specimens mounted in balsam while alive, appearing as three distinct 
but closely united segments, this appearance much less conspicuous in specimens 
treated with caustic potash and stained, but still indicated, the antennae, therefore, 
probably 7-seginented wdth the five terminal ones forming an elongate club terminating 
in a stout button appearing more or less distinctly set off by a joint between it and 
the club proper, as if it might be still anotlier segment; so far as can be determined, 
with two long, slender setae on II, III, and IV, with four similar at the apex of the 
club, and with one stout spine on V, one, longer, on VI, and two, still larger, on VII; 
measurements of one antenna in microns as follows: I, 14.2; II, 17.5; III, 14; IV, 10.7; 
V, 10.4; VI, 7.4; VII, 14.3 (total of dub apex 32.1); legs short and stout, tibia and 
tarsus of each bearing one or more large, round, apparently sensory pores; lengths 
in microns of outer portion of a middle leg: Femur, 32; tibia, 18; tarsus, 14.3; claw, 10.7 ; 
digitules about 14; claw with denticle, digitules slender, slightly knobbed at tips; 
eyes simple, only one pair present, these as spots on margin a little posterior to the 
antenna; mouthparts entirely wanting; wings entirely wanting; spiracles small, the 
bar stout, without any accessory pores; derm, so far as can be determined, entirely 
without specialized secreting pores, bearing, howuver, a number of tiny cliitinized 
circles, these occurring singly, but probably in definite arrangement, normally seta- 
bearing; penis elongate, slender, apparently cylindrical, the surface roughened; sheath 
elongate, tapering, pointed, length about 30 microns, width close to base about 7.5 
microns, suddenly expanding at base to about 14 microns. 

In preparation of the preceding description specimens of one or more 
stages of the species from each of the lots of material now in the National 
Collection of Coccidae have been examined. 
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PLATO 13Z 
Phoenicococctis marlatii: 

A. —Embryonic larva. X 220 , 

B. -^Larval leg. X 450. 

C. —“Larval claw. X Xj35o. 

B.—^Larval tubular duct, X 1,350. 

E. —Larval spiracle. X 3 :» 35 o. 

F. —Larval anal ring, X x,35o. 

O.—Larval antenna. X 450. 

H. —^Larva, apex of abdomen. X 450. 

I. Larva, outline from above. X 220 . 

J. —Male second-stage larva, antenna. X x,3So. 

K. —Same, anotber antenna. X i»35o. 

L. —Male second-stage larva, outline of body from beneath. X 220 

M. —^Male second-stage Imva, spiracle. X 450, 

N. —^Maie pupal skin. X 220. 





PLATE 132 
Pkoenicococcus marlatti: 

A. —Female, second-stage larva, just after molt. X 220. 

B. —Bame, antenna, optical section. X 450. 

C. —Same, anterior spiracle. X 450. 

I),—Same, outline of body after expansion to normal size. X 220* 

E.-—'Male pnpa, outline, showing half-formed adult male inclosed. X 220* 



PLATS 133 

Phoenicococcus marlaUi: 


A. —Adtilt female, outline from beneath. X 70. 

B*—^Adult male, outline from above for comparison with female. X 70. 

C."—Adult male, outline from above. X aao. 

B. —Adtilt female, tubular duct. X 3 :> 3 So- 
B*'—Adult female, anterior spiracle. X 450. 

—Adult female, spiracular pore. X i>35o. 

0 .*-“Adult female, derm seta. X x?35o. 

H. —Adult female, posterior spiracle. X 450* 

I . —^Adult female, derm papillae from old, distended body. X 1,350. 

J. —Adult female, papillse from body before distension. X Ij3So. 

K. —Adult female, antenna. X 3 t» 35 o* 

B.—Same, crushed and flattened, showing the setse. X 2»35o. 

M. '—Adult female, anal ring and surrounding area. X 450. 

N. —Adult male, penis and sheath. X 450. 

O. —Adult male, leg. X 450. 

P, —Adult male, antenna from cleared and stained specimen. X 450. 

Q, —^Tip of same from specimen mounted alive, showing a|)parently distinct segmenta¬ 

tion. X 450. 

R, —Same, tip of antenna figured at P, showing opposite surface. X 4So. 
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PLATE 134 

Phoenicococcu s 


A. —^Mass of females inside base of palm leaf. 

B. —Portion of the same mass still more enlarged. 

50936°—21-6 




SOME OBSERVATIONS REGARDING EOSINOPHIEES 


Lewis H. Wright 

Nevada Agricultural Experiment Station ^ 

During the past few years our knowledge of the relationship of a para¬ 
sitic infestation and an eosinophilia has been undergoing considerable 
revision. Not so very long ago the presence of an unusually large num¬ 
ber of eosinophiles was considered almost diagnostic of a severe infesta¬ 
tion with some form of external or internal parasites. Also an absence 
of an eosinophilia presented very strong evidence that the animal was 
almost if not entirely free from parasitism. 

The observations reported here are based on a study of 40 cases. 
From I to more than 20 blood examinations have been made on the 
individual cases, some of which extended over a period of about 18 
months. In all the cases the animals were carefully autopsied and a 
close search for internal parasites was made. None of the animals 
were harboring external parasites. 

The usual precautions for drawing the blood and making the examina¬ 
tions were observed. The place chosen for procuring the blood was the 
under surface of the tail. In case this failed, the skin was shaved at the 
shoulder and the incision made there. As a rule, Tallquist's hemoglobin 
scale was used, although Gower's method was used in some instances. 
Both red and white cells were counted in the same preparation, a double- 
ruled Neubauer counting chamber being used in most cases. Bor the 
differential count Giemsa's stain was ordinarily used, but Wright's 
and Jenner’s were sometimes used. Five hundred cells were usually 
counted, although sometimes 1,000 were counted. 

The writer is indebted to Dr, Edward Records for checking some of 
the differential counts. While the two counts did not absolutely check, 
they were very close. It is not to be expected that even two counts by 
the same person on the same slide would be identical. 

' Resigned June i» 1920. 
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TablB I, — Blood counts of horses in apparent good health 


No. 

Bate. 

Hemo¬ 

globin. 

Erythro¬ 

cytes, 

Leuco¬ 

cytes. 

Lym¬ 

pho¬ 

cytes. 

Poly- 

mor- 

pho- 

xm- 

clciirs. 

Mono¬ 

nu¬ 

clears. 

Eosino- 

pliiles. 

M'ast 

ceils. 

Tran* 

.sitioji- 

ais. 


'Apr. 

30,191S 

70 

6 , 572,000 

7.130 

38.4 

Si.o 

4.0 

5-4 

I. 2 

0 


May 

65 iqi8 

77 

7,348, 000 

6,920 

40.8 

44. 6 

8.4 

S-6 

.6 

0 


May 

18, jgiS 

90 

7,420,000 

6,300 

41. 6 

54.2 

4.0 

. 2 

0 

0 


May 

28, igiS 

95 

8,000,000 

9, 3<jo 

48.2 

46. 6 

3-4 

1.6 

2 

0 


June 

4, igiS 

97 

8,800,000 

8,000 

34.6 

50. 2 

10. 2 

3-0 

2. 0 

0 


June 

14, 1918 

lOI 

7,960, 000 

7, 260 

34 - 0 

51.4 

10. 0 

3.4 

I. 2 

0 


June 

29,I9IS 

103 

9,126,000 

9,760 

30-0 

03.8 

4.4 

1.4 

-4 

0 

673 

June 

2S, 1918 

97 

7, 704,000 

5,940 

29.4 

53- 6 

6.8 

9-2 

I. 2 

0 


July 

9) 191S 

los 

9,010, 000 

6, 600 

33- a 

51. 0 

7.5 

8.2 

.4 

0 


July 

23,1918 

80 

7, 642,000 

S.S50 

26. 4 

56. 2 

8.0 

9.4 

0 

0 


Aug. 

6,1918 

100 

7,888,000 

7 ,740 

24, 4 

63.4 

9.2 

3-0 

0 

0 


Aug. 

26,1918 

94 

6,432,000 

9,777 

33 - a 

54-4 

8.0 

4.2 

. 2 

0 


Oct. 

S,191S 

100 

7,8S0,000 

s. 349 

21. 4 

65. 2 

11.4 

2. 0 

0 

0 


Oct, 

27,191S 

100 

6,888,000 

9, 861 

38. 8 

39- 6 

14. 6 

7.0 

0 

0 


pec. 

22, 1918 

75 

7, 296,000 

7,633 

37*4 

55-2 

6.2 

I. 2 

0 

0 

634 

Oct. 

8,1918 

92 , 

7, SSo, 000 

9,873 

22. 6 

68. 2 

9.2 

0 

0 

0 

IS 

May 

29,1919 

100 

7,964,000 

8,291 

33*2 

60. 2 

4.2 

2.4 

0 

0 


Dec. 

16,1918 

90 

7,842,000 

7 ,3S3 

37.6 

54 - 2 

5 *^J 

2. 6 

0 

0 


Jan. 

' 37 1919 

100 

8,306,000 

97471 

30. 2 

60. 0 

5.8 

4. 0 

0 

0 


Mar. 

1, 1919 

, 90 

7, 684,000 

9,021 

31*8 

57 - 6 

JO. 2 

2,-4 

0 

0 

2 

Apr. 

8.1919 

90 

' 7,964,000 

9,769 

41. 2 

52.4 

4.4 

2. 0 

0 

0 


Apr. 

23, 1919 

90 

7,964, 000 

7,783 

28, 2 

61. 4 

7-4 

3*0 

'■ 0 

0 


M.'iy 

16, 1919 

100 

8, 264,000 

5,396 

30.0 

63. 2 

4.2 

2. 6 

0 

0 


ulay 

27, iqio 

100 

8,032, 000 

s 5 j 387 

31*3 

57 - 4 

6, 6 

4. 2 

0 

0 


Sept. 

3,191S 

98 

6,912,000 

8,888 

40. 2 

S 4 . 2 

3-0 

2. 6 

0 

0 

'7 a 4 

jOct. 

10,1918 

00 

6,834,000 

9, S73 

37-2 

53 - 0 

13.0 

6.S 

0 

0 

/ j 4 

Nov. 

2,191S 

88 

7, 432, 000 

S, 961 

34-6 

55 * 4 

8. 4 

I. 6 

0 

0 


[Dec. 

22,1918 

100 

8,264,000 

9, 666 

46. 2 

49.0 

3.6 

I. 0 

. 2 

0 

702 

Oct. 

27,1918 

85 

7 j 480,000 

8,677 

63. 2 

27-4 

8.2 

1, 2 

0 

0 


'May 

20j 1918 

95 

8, 288,000 

9,400 

29. 8 

63. 2 

4. 4 

2. 0 

.6 

0 


May 

28, 1918 

100 

7, 216, 000 

7,920 

37*6 

53- 2 

2. 6 

6.4 

. 2 

0 


June 

3,191S 

106 

9, 260,000 

^7 330 

36. 6 

SO. 4 

6. 2 

5*8 

I. 0 

0 


June 

12, X918 

'105 j 

ro, 624,000 

8,280 

29. 2 

60. 2 

6.0 

'3- 6| 

I. 0 

0 


jjmic 

17, 1918 

104 ! 

10,496, 000 

8,000 

31. 2 

50- 2 

12, 2 

6. 2 

2 

0 

5UJ. 


25, 1918 

89 

6,688,000 

57 5S0 

31.2 

54.4 

10. 2 

3. 8 , 

.4 

0 


July 

9,1918 

93 

8,340,000 

97 3^0 

42,8 

SO. 4 

2. 2 

4. 4 

. 2 

0 


July 

6, 2918 

100 

6,384? 000 

7, 200 

27.3 

56.3 

10. 2 

3 

0 

0 


Jtily 

26, 1918 

100 , 

7? <^34) 000 

10,326 

35*4 

42. 2 

12. 0 

10. 4 

0 

0 


.Oct. 

27, 19.T8 

00 

6,408, 000 

<^7 339 

36. 2 

47-8 

13* 2, 

2, 8 

0, 

0 


Dec. 

16,19x8 

80 

6, 848,000 

97 333 

3 ^.S 

46. 2 

6. 2: 

8.6 

• 2 

0 


Dec, 

22,1918 

90 

7,362, 000 

8,431 

40. 0 

37- 0 

7. 8| 

15. 2 

0 

0 


Jan. 

2,191:9 

80 

7,642, 000 

4,420 

34 - 2 

3^-2 

7. 4 

20. 2 

0' 

0 


Jan. 

28, 1919 

100 

973? 000 

8,821 

24. 6 

53. 4 i 

k 0 

14. 0 

0; 

0 

S 

Mar. 

1,1919 

90 

7, 552, 000 

S, 36 i 

23*4 

57-8 

3-2 

15. 6 

0' 

0 


Mar. 

2S7 1919 

90 

7,244,000 

57 391 

37*2 

40. 4 

6.4 

16. 0 

0' 

0 


Apr. 

19, 1919 

90 

7,648,000 

7, 291 

26.3 

52. 6 

3. 2 

17.4 

O' 

0 


Apr. 

25, 1919 

80 

7,288,000 

II, 291 

26. 4 

$2.8 

3 - 6! 

17. 2 

0; 

0 


.May ’ 

26, 1919 

90 

7,648,000 

9,361 

23. 

$ 6.6 

3-8 

16. 4 

0. 

0 


[June 

2, 1919 

90 

7,932,000 

8,341 

32. 2| 

61. 4 

5-0 

X. 4 | 

0 

0 

Q 

jApr. 

8, 1919 ; 

90 i 

7,860,000 

4 , 3^1 

37 -S 

54. 2 | 

3-6 

4. 4: 

0 

0 

y 


5, 1919 

100 

7,694,000 

57 363 

30, 2 

62. 4i 

6. 0; 

I. 4 

0 

0 


(.Mar 

18,1920 ' 

100 

8,064,000 

7, 010! 



No count made. 



Sept. 

18,1917 

105. 6 

11,972,000 

57 330 

46. 2 

36. 2 

10. 2 

7. 0 

* 4 

0 


Sept. 

25,1917 

95 

8, 584,000 

10,666 

47 -S 

37* 0 

7. 4 

7.6 

. 2 

0 

570 

jfcept. 28,1917 

95 

S, 032,000 

7,333 

38.0 

50.4 

6.4 

4. 6 

. 2 

' 0 


uct. 

0,;I9I7 

, 60 

5,122,400 

I, 780 

29.8 

67.6 

2. 2 

, 4 

0 

0 


Oct. 

II,'1917' 

70 

5, S24,000 

77 555 

57 -2 

26. 6 

13.2 

3-0 

0 

0 


iOct. 

24, ,1917 


5,072, 200 

4,666 

46.8 

■ '46.8 

6. '0 

,.',4 

„0 

0 
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Table I .—Blood counts of horses in apparmit good health —Continued 


! 

Tag 

No. 

Date. 

Komo- 

globin. 

Erythro¬ 

cytes, 

Leuco¬ 

cytes. 

Lym¬ 

pho¬ 

cytes. 

Poiy- 

mor- 

pho- 

nu- 

clears. 

Mono¬ 

nu¬ 

clears. 

Eosino- 

opMIes. 

Mast 

ceils. 

Tran- 

sition- 

als. 


Nov. 

27,1917 

65 

6, 228, 000 

5, 620 

45-8 

47-4 

6.6 

. 2 

0 

0 


Apr, 

30,1918 

90 

6,912, 000 

7,4^0 

44.3 

37 -S 

10. I 

7-1 

• 7 

0 


May 

6,1918 

90 

8, oSo, 000 

9 j 430 

50-4 

39.0 

7- 6 

3- 0 

0 

0 


May 

10,1918 

80 

10,420,000 

9,760 

36. 0 

51,0 

6.8 

4. 6 

I. 2 

0 


May 

16,191S 

80 

8,040,000 

9,460 

37-2 

48. 2 

S- 2 

6.6 

. 8 

0 


May 

24,1918 

80 

7, 784, 000 

8,000 

28. 0 

SO. 2 

10. 0 

II. 2 

. 6 

0 


June 

3.1918 

100 

8,840, 000 

7,420 

26. 4 

64, 2 

5-8 

3* 6 

0 

0 

570 

(June 

12,1918 

100 

7,4S2, 000 

7,020 

38-4 

51*8 

7.0 

2.6 

. 2 

0 


June 

18,1918 

100 

8, 342, 000 

6,430 

33-4 

58. 2 

5-6 

2.4 

. 4 

0 


June 

24,1918 

lOI 

9, 280, 000 

4.500 

28. 0 

61.6 

6. 8 

3-6 

0 

0 


July 

8,1918 

9 S ’ 

85 684, 000 

9.360 

36.4 

58,2 

4. 4 

I. 0 

0 

0 


July 

23,1918 

100 

8, 560, 000 

S. 588 

23.2 

72.4 

2.4 

2. 0 

0 

0 


Sept. 

3,191S 

90 

7, 704,000 

8,000 

33-4 

60, 2 

4. 2 

2. Oi 

. 2 

0 


Oct. 

10,1918 

100 

8,324,000 

S. 386 

38.6 

48.4 

10. 0 

2. 6; 

. 4 

0 


lOct. 

27,1918 

100 

7,264, 000 

II, 133 

32.0 

59.2 

S.6 

3. 2 

O' 

0 

7 

Dec. 

16,1918 

80 

7,208, 000 

6.339 

41.4 

48.6 

7. 2 

2.4 

. 4 

0 


fFeb, 

22,1919 

90 

6,974, 000 

8,360 

32.6 

57*0 

k 2 

2. 2 

0^ 

0 


{Mar. 

8,1919 

90 

7,382,000 

5.981 

33*4 

61. 2 

, 2.8 

2.6 

o' 

0 


iMar, 

25,1919 

80 

7,164,000 

5 .089 

22. 0 

67. 2 

7.2 

3-6 

0 

0 

633 

May 

2,1918 

70 

8,490,000 

11,460 

33-6 

54-6 

4.4 

6.4 

I. 0 

0 

I 

Nov. 

14,1918 

90 

7,232,00c 

8,169 

26.6 

55*2 

S-2 

13.0 

0 

0 



Average.. 

90.4 

■ 75783.30c 

' 7.693 

34 - S 

52-9 

6.8 

5-3 

. 2 

' 0 


No. 673.—^Aged, healthy gelding in good physical condition. 

At autopsy, December 30, 1918, there were found i Gasirophilus spp., 
3 Setaria in the abdominal cavity and a few Strongylus and Cylicostomes 
in tlie cecum and colon. 

No. 634.—^Normal gelding 12 years old. 

At autopsy, October 26, 1918, not a parasite of any kind was found. 

No. 15.—^Normal is-year-old mare. 

At autopsy, May 29, 1919, about 30 Gasirophilus spp. were in the 
pylorus. There was a moderate infestation with Strongylus and Cyli¬ 
costomes in the cecum and colon. ' Two Setaria equina were found free 
in the abdominal cavity. 

No. 2.—^Normal aged gelding. 

At autopsy, May 27, 1919, about 350 Gasirophilus spp. were fouiid in 
the pylorus; i Ascaris eqmrum was in the duodenum; there was a mod¬ 
erate infestation of 'Strongylus and CyHcostomes in the cecum and 'colon 
and 25 Setaria were found in the abdominal cavity. There was a severe 
aneurism of the anterior mesenteric artery which contained live embryos. 

No. 754.^—^Normal i5»year-old mare. 

^ At autopsy, December 30, 1918, there were found 50 Gasirophilus spp.' 
in the pylorus and moderately severe infestation with Strongylus 'and'' 
Cylicostomes in the cecum and colon. ; ',' _ 

No. 702.—^Healthy'lo-year-old gelding. 
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At autopsy, December 19, 1918, there werefoioid 10 Gastrophiius spp, 
in tlie pylorus, about 75 Strongyliis in tlie cecum and colon, and i: Strong- 
ylus and 4 Setaria equina in the abdominal cavity. 

No. 501.—Aged, healthy mare. 

At autopsy, December 16, 1918, there was found a moderate iiifesbir 
tion of Strongylus and Cylicostomes in the cecum and colon* 

No. 8,—Aged, health3r gelding. 

At autopsy on May 26, 1918, tliere were found about 150 Gastrophiius 
spp. in the stomach and pylorus, a moderate infestation of Strongylus 
and Cylicostomes, and a small aneurism of the anterior mesenteric artery 
containing live embryos. 

No. 9.—Healthy la-year-old mare. 

At autopsy on March 18,1920, there were found about 150 Gastrophiius 
spp., a severe infestation with Strongylus and Cylicostomes, and a small 
worm-free aneurism of the anterior mesenteric arteiy. 

No. 570.—^Five-year-old gelding in excellent condition. 

At autopsy, December 16, 1918, there were found 6 Gastraphihis spp. 
and a most severe infestation of Strongylus and Cylicostomes. The 
animal showed no symptoms of the infestation. About two months 
before autopsy he was corralled with wormy colts, and it seems likely 
that the infestation came at that time from them. 

No. 7.—Aged, healthy mare. 

At autopsy, December 20, 1918, there were found a few Gastrophiius 
spp., 2 Setaria in the abdominal cavity, small number of Strongylus and 
Cylicostomes in the cecum and colon, and a few Oxyuris in the rectum. 

No. 13.—^Aged, healthy animal. 

At autopsy, April 5, 1919, there were found 150 Gastrophiius spp,, i 
Setaria, a few Strongylus and Cylicostomes in the cecum and colon, and 
a very large aneurism in the anterior mesenteric artery containing many 
live embryos. 

No. 633.—Young, healthy gelding. 

At autopsy, July 8, 1918, there were found a few Gastrophiius spp. and 
a moderate infestation of the cecum and colon witti Strongylus and 
Cylicostomes. 

No. I.—Aged, healthy mare. 

; At autopsy, December 12, 1919, there was found a severe infestation 
of the cecum and colon with Strongylus and Cylicostomes. 

DISCUSSION 

The percentage of eosinophiles in the peripheral blood of healthy 
horses varies greatly even when the examinations are made at frequent 
intervals. In studying Table I, one can readily see that if certain indi¬ 
vidual examinations were picked out, exceedingly varying results might 
be' obtained., This iact possibly .accounts for many of' the, different 
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coiiclusioiivS arrived at by many .writers regarding the percentages of 
eosinophiles in the blood of normal horses or horses siiffeting from various 
diseases. Another fact that is apparently often if not always over¬ 
looked is the resistance of the animal. Weinberg and Seguin (xo) ^ have 
pointed out that the eosinophiles possess specific attraction against 
certain toxic substances, especially those of parasitic origin. It would 
seem from this that if the resisting power of the animal were high the 
eosinophiles would be plentiful in parasitic diseases. If the resistance 
were low the eosinophiles would be few. 

In general it can be said that in the various species of animals the 
physiological functions of the leucocytes are essentially the same. If 
this be so, cattle must be very severely infested with parasites or else 
their resistance is high. Dimmock and Thompson {4) have shown that 
the average percentage of eosinophiles in the blood of normal cattle is 
13.15. Whatever the cause may be, it certainly presents a very inter¬ 
esting and important problem for further research. According to the 
tables given by Burnett (2) the percentages of eosinophiles are about 
the same for all animals excepting cattle. 

One thing that adds difiSiculty to the study of the blood in apparently 
normal animals is that nearly all are harboring more or less large numbers 
of parasites of various genera. Two apparently normal animals observed 
have presented a very high percentage of eosinophiles. No. 8 for 
nine examinations over a period of six months averaged 17.2 per cent of 
eosinophiles. On autopsy, this animal showed a relatively small number 
of internal parasites. No. i for one examination showed 13 per cent, 
and on autopsy there were found large numbers of internal parasites. 

As these were the only two animals that showed unusually large 
numbers of eosinophiles, very little more can be said about their presence 
as an aid to the diagnosis of internal parasites. One examination can 
be picked from some of the other cases that shows nearly as high a per¬ 
centage as did No. I. Again, it can be said that results will be conclusive 
only as the observations are made over a period of time on the same 
animal. Then also, one must consider that for some cause the animals 
might become more severely infested with parasites, or else they might 
get rid of them. There is apparently some seasonal variation, especially 
in regard, to 'the intestinal worms, more being present in the fall and 
winter'than in the spring and summer. This also should be considered. 

^ Rderewce is made by ntraiber (italic) to ^miteratture dted/"^ p. 688. 
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Tael® II. —Blood counts of horses in poor condition due to internal parasites 


Tag 

Na 

Bate. 

Homo- 

globin. 

Erychrocytes. 

Leuco¬ 

cytes. 

Lym- 

pho- 

c^htes. 

Poly- 

morplio* 

nii- 

clcars. 

Mono- 

3111- 

dears. 

EosiiiO" 

pliilcs. 

]VCast 

cells. 

Trail" 

sltiott- 

als. 


1918. 

rSept. II 

[Oct. IS 

' 70 

S88,000 

6 , 333 

32.6 

57-8 

5*4 

3,4 

0*8 

0 

A. ... 

62 

S, 120,000 
5, 880, 000 

7 , 833 

31. 0 

62. 6 

6.0 

.4 

0 

0 

B.... 

fOct. ic) 


9, 766 

33-4 

58.2 

4.6 

3 -<> 

. 2 

0 

[Oct. 29 

60 

S, 608,000 

7.291 

31.4 

58-4 

8.4 

1,6 

. 2 

0 

C. 

[Sept. II 

80 

6,424,000 

7^333 

28. 4 

60. 2 

7.2 

4.2 

0 

0 

\Oct. I 


S, 3S2,000 
8, 640,000 

7. sss 

32.4 

57.2 

9.0 

1.4 

0 

0 


'Sept. II 

60 

8,342 

30.6 

41. 2 

27, 0 

I. 2 

0 

0 

B.... 

Oct. , 23 

90 

7, 232, 000 
6,980,000 

6,773 
9 ,639 

28.8 

62. 4 

5.8 

3-0 

0 

0 


Oct. 29 

70 

42. 6 

33-0 

18.6 

1 S.8 

0 

0 


'Sept. II ' 

80 

6, 432,000 

7 ,963 

43-6 

39-4 

15.2 

X. 6 

, 2 

0 

F.:.. 

Oct. 19 

60 

4,400,000 

6,839 

36.2 

70. 2 

3 *^ 

0 

0 

0 


Dct. 21 

63 

S, 568,000 

13,867 

30.8 

58.6 

7.0 

3.6 

0 

0 

n. 

/Sept. 12 
iOct. iS 

70 

4, 524,000 

8,327 

4,837 

32. S 

52.4 

12. 0 

2, 8 

0 

0 

\JP. . . , 

60 

4,634,000 

24.4 

67. 2 

7.8 

.6 

0 

0 

H.... 

/Sept. 12 
lOct. 19 

80 

5, 728,000 

II, 149 
7,983 

26. 4 

42. 0 

28. 6 


0 

0 

S 3 ' 

4,288,000 

39 - 8 

54-8 

3 *^ 

1.8 

0 

0 


fSept. II 

70 

6,080,000 

12, 642 

33-8 

52. 2 

10. 6 

3*4 

0 , 

0 

B.... 

\ Oct. 23 

76 

6, 832,000 

7,637 

24. 6 

58.0 

16. 0 ’ 

I. 2 

. 2 

0 


(Oct. 29 

80 

7, ooS, 000 

6,890 

45.2 

32-6 

22, p 

. 2 

0 

0 


Average. 

69.2 

S, 822,000 

8,363 

33-1 

53-6 

IX. 4 

2. 2 ' 

.08 

0 


A. —^Three-year-old gelding with Strongylosis. 

At autopsy October 15, 1918, there were found about 150 Gasirophilus 
spp. in the pylorus, a serious infestation of Strongylus and Cylicostomes 
in the cecum and colon, and a small aneurism of the anterior mesentery 
artery containing live embryos. 

B. —^Four-year-old gelding with Strongylosis. 

' At autopsy December 17,1918, there were found about' xoo Gastroph* 
ilus with Strongylus and Cylicostomes, 

C. —Four-year-old mare with Strongylosis. 

At autopsy, there were found 14 Ascaris equorum in the duodenum and 
a moderately severe infestation of the cecum and colon with Strongylus 
and Cylicostomes, 

' F.~Three-year-old gelding with Strongylosis. 

, ’ At autopsy,'there was found a severe infestation of GasiropMlus spp, 
in the pylorus' and a very severe infestation of Strongylus and Cylicos- 
, tomes in' "the cecum and colon. 

F. —Four-year-old mare with Strongylosis. 

At autopsy, October 21, 1918, there were found a few GasiropMlus 
spp. in the pylorus. There were 18 Ascaris equorum in the duodenum, 
5 Setaria 'equina and 20 S^trongylus in the abdominal cavity, and a very 
severeinfestation of .Strongylus and Cylicostomes in tlie cecum and coloUt 

G, —Four-year-old mate with Strongylosis. ^ ■ 
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At autopsy, October 18, 'I918, there were found a moderate number 
of Gasirophilus v$pp. in the pylorus, 2 Ascares in the duodenum, i Strongy- 
lus and 10 Setaria in the abdominal cavity, and a very severe infestation 
of Strongylus and Cylicostomes in the cecum and colon. 

H.—Three-year-old gelding with Strongylosis. 

At autopsy, on October 24, 1918, there was found a moderate number 
of Gasirophilus spp. in the pylorus, one Strongylus and four Setaria in 
the abdominal cavity, and a very severe infestation of Strongylus and 
Cylicostomes in the cecum and colon. 

D.—^Three-year-old gelding in very poor condition, which, as far as 
could be ascertained, was due to the Gasirophilus spp. 

At autopsy, there were found 1,030 Gasirophilus spp. in the pylorus, 
12 Strongylus in the cecum and colon, and 3 Setaria in the abdominal 
cavity. 

, These cases are the ones that prompted this report. One of the main 
features of the positive diagnosis of internal parasitic diseases of man 
and the domestic animals apparently has been the presence of an 
eosinophilia. . 

On this basis, there being an absence of an eosinophilia and the ani¬ 
mals having a high temperature, the cases were diagnosed as infectious 
equine anemia. The symptoms of the two diseases are very similar. 
Transmission experiments failed in a large number of cases, and, there¬ 
fore, infectious equine anemia can be positively excluded. In a few 
months all the animals died or were killed. Seven of the animals had 
very severe infestations of Strongylus and Cylicostomes; the eighth 
harbored an enormous number of Gasirophilus spp. 

At the time of the first examination the animals were not in bad 
physical condition. Some, in fact, were in good physical condition. 
Their resistance should have been good. Trom the facts presented by 
tliese cases it can be seen that other factors than the presence or absence 
of an eosinophilia are of gi'eat importance in the diagnosis of internal 
parasites of tlie horse. 


IIIMiscellaneous blood counts' 


rag 

No. 

Date. 

Hetmo- 

globin. 

Erythrocytes. 

leuco¬ 

cytes. 

Dym- 

pho- 

C3H:es. 

Poly- 

moipho- 

nxL~' 

dears. 

Memo- 

Utl- 

dears. 

Eosiuo- 

pMJes. 

Mast 

cells. 

sitioa- 

als. 


fFeb. 2, X919 

90 

7,642, 000 

11,420 

39-2 

49. 2 

7-4 

4. 2 

0. 0 

0 


Mar. S, 19x9 

90 

7,964,000 

7 ? 039 

34-2 

60, 2 

2. 4 

3-2 

0 

0 

12.. 

<Mar* 27, 19x9 

90 

6, 836,000 

7,200 

32,0 

60- 0 

7-4 

. 6 

0 

0 


Apr. 26,^ X919 

100 

8,076,000 

9.389 

33-2 

58. 6 

6. 0 

2. 2 

‘ 0 i 

' ' 0 


[May x6.19x9 

60 

5,864,000 

7.349 

39.2 

55-6 

6, 4 ' 

.8 

■ 0 

0 


/Dec. 22, 1919 ' 

85 

7,962,000 

5.369 

44.0 

44. 4 

9, 0 

2.4 

. 2 

' 0 

10 ,. 

3,1919 

80 

6,934. ooO 

S.387 

10. 6 

82, 4 

6.’o 

" 1.0 

0 

0 


Average. 

85. 0 

7,325,400 

6.693 

33 - 2 

58.6 

6.3 

2. 0 ; 

.02 

p 
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No, 12, —^Twelve-year-old animal that apparently died from infectious 
equine anemia; positive diagnosis doubtful. 

At autopsy, on May 24, 1919, there were found about 150 Gastrophlus 
spp., a moderate infestation of the cecum and colon with Stroiigyltis and 
Cylicostomes, and a small aneurism of the anterior mesenteric artery con¬ 
taining a few live embryos. 

No. 10.— Aged, healthy animal at time of first blood count; at the last 
the animal was very ill with septicemia. 

At autopsy, on January 8,1919, there were found 35 Gasirophikis spp.,, 2 
Setaria in the abdominal cavity, and a few Strongylus and Cylicostomes 
in the cecum and colon. 

IV .—Blood counts of horses with acute cases of infectious equine anemia 


tajg 

Na 

bate 

Hemo¬ 

globin, 

Erytiurocytes. 

Leuco¬ 

cytes. 

Lym¬ 

pho¬ 

cytes. 

Poly- 

morpho' 

nu- 

clears. 

Mono¬ 

nu¬ 

clears. 

Eosino- 

pMles. 

Mast 

cells. 

Tran- 
sition- 
, als. 


fMar. 

1,1919 

80 

6, 934,000 

4.360 

34.2 

53-0 

3*6 

9.0 

; a 2 

0 


\Mar. 

8,1919 

80 

8,132,000 

7.261 

21. 2 

76.8 

2. 0 

0 

0 

0 

.. 

[Dec, 

16,1918 

100 

8,320,000 

7 > 34 i 

33-0 

57 -2 

$.8 

4.0 

0 

0 


Jan. 

3 » 3:919 

100 

j 7,366,000 

7.639 

27.4 

61. 2 

8 .2 

! 3*2 

0 

0 


JMar. 

6,1919 

100 

7,932,000 

5 .482 

2a 2 

56.2 

9-0 

6.6 

0 ! 

0 

6 ' 

IMar. 

25,1919 

80 

7,629,000 

9,870 

49.2 

[ 41-4 

7.2 

2,2 

0 : 

0 


Mar. 

ay, 1919 

80 

7,368,000 

7 .296 

20. 6 

72.4 

3.6 

3 '^ 1 

. 2 

0 


Upr. 

8,1919 

80 

6,'884,000 

7»329 

22. 4 

73-6 

3.6 

*4 i 

0 

0 


Nov. 

7> 1918 

20 

1,856,000 

4,683 

30.6 

30. 2 

3*6 

0' 

0 

0 

M.. 

/Nov, 

• 7.1918 

70 

3,824,000 

6,281 

39.6 

28, 4 

9-2 

X.0 ' 

,4 

31.4 

N.. 

\Nov. 

16, 1918 

50 

4,864,000 

9,669 

29. 0 

36.7 

3*3 

1.0 

0 

30.0 


Nov, 

7,1918 

80 

4,320,000 

6,993 

22. 6 

66. 2 

9.2 

2.0 

0 

0 

F... 

fOct. 

8,1918 

100 

^ A % 4 ) 

6,981 

26. 6 

63.0 

4. 6 


0 

0 


jNov, 

2,191S 

90 

7,824,000 

9,873 

33-6 

61. 0 

3*2 

2.2 

0 

0 

*1 cf R 

|Nov, 

14,1918 

60 

6,408,000 

6,321 

14. 2 

82, 2 

3*6 

0 

0 

0 

750, 

INov. 

IS, 1918 

70 

6,488,000 

7,369 

23,6 

71-4 

4.2 

.8 

0 

0 


/June 

2,1919 

50 

4,872,000 

6,329 

35-4 

60.2 

4.2 

. 2 

0 

' 0 

K.. 

ljune 

17,1919 

30 

3,486,000 

5,317 

28.4 

57.4 

II. 2 

3.0 

0 

0 

1 

Mar. 

26,1919 

80 



37.8 

55-4 

2. 6 

4.2 

0 

0 

j... 

Average...... 

73-6 

6,283, 600 

7,021 

29'3 

S8.i 

S -4 

2*5 

. 04 

3-3 


No. II .—Aged animal with an acute experimental case of infectious 
equine anemia; inoculated February 19, 1919, and died March 23, 1919. 

At autopsy, there were found about 100 Gastrophilus spp. in the 
pylorus, I Setaria in the abdominal cavity, and-a moderate infestation 
of the cecum and colon with Strongylus and Cylicostomes. 

No. 6.—^Eight-year-old gelding with an acute experimental case of 
infectious equine anemia injected March 6, 1919. 

At 'autopsy on March 10, ■1919, there were found about ^fO'Gasiroph- 
Hus spp. and 25 Setaria equina. 

M.—^Four-year-old mare with an acute case of infectious equine anemia. 

, At autopsy, on November 9, ■ 1919, there were found a few Gastrophilus 
spp., one Setaria, a, small worm-free'aneurism of the anterior mesenteric 
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artery, and an enontnons infestation of the cecum and colon with Strongy- 
lus and Cylicostomes. - 

N.—Ten-year-old mare with an acute case of infectious equine anemia. 

At autopsy, on November 26, 1918, there were found a few Gastroph- 
this spp., eight Ascaris equonim, five Setaria, a few Strongylus and Cyli- 
costomes in the cecum and colon, and a small anuerism of the anterior 
mesenteric artery containing live embryos. 

L.- ^Aged mare with an acute case of infectious equine anemia. 

At autopsy, December 24, 1918, there were found a few Gastrophylus 
spp. and a serious infestation of Strongylus and Cylicostomes in the 
cecum and colon. 

No. 758.—^Middle-aged gelding with an acute case of infectious equine 
anemia. 

At autopsy, on November 17, 1918, there was found one Setaria in the 
abdominal cavity. 

K. —^Five-year-old gelding with an acute case of infectious equine 
anemia. 

At autopsy, on June 17, 1919, there were found about 50 Gastrophyhs 
spp., a small worm-free aneurism of the anterior mesenteric artery,, and 
a severe infestation of the cecum and colon with Strongylus and Cyli¬ 
costomes. 

J,—Aged 7-year-old gelding with an acute case of infectious equine 
anemia. 

At autopsy, on March 26, 1919, there were found 50 Gasfrophilus spp., 
a few Strongylus and Cylicostomes in the cecum and colon, about 60 
Setaria in tlie abdominal cavity, and an enormous aneurism of the 
anterior mesenteric artery containing large numbers of live embryos. 


Table) counts of horses with subacute cases of infectious equine anemia 


Tag 

no . 

Date, 

Henao- 

globin. 

Brytlirocytes. 

Leuco¬ 

cytes. 

Lytn- 

pho- 

cytes. 

Poly- 

morpho 

uu- 

clears. 

Mono¬ 

nu¬ 

clears. 

Eosino- 

opidles. 

Mast' 

cells, 

Tran- 

sition- 

als. 

1 

Aug. 17, 
1917... 

45 

1,04O» 000 

00 

8g 

48.9 

46.6 

3 - 7 

0. 2 

0, 6 „ 

0 

21 

June 9, 
1919... 

80 

6,974,000 

8,876 

25.6 

65. 0 

7. 2 

2 . 2 

, 

0 


July 3. 

1919... 

90 

7, 242,000 

8,693 

29, 0 

55-6 

4. 2 ! 

I. 2 

0 

, 0 

1 

Sept. X2, 
1919... 

80 

6,464,000 

7, 360 

37-6 

52. 2 

9.0 

1 

I. 2 i 

0 

0 


Average, 

73-8 

5,6ss,ooo 

6,754 

37-8 

54 9 

6.0 

I. 2 

• IS 

0 


No. I.—"At the time this blood examination was made the,animal was 
in the early stage of a subacute case of infectious equine anemia. 

At autopsy, August 21, 1917, there were found a few Gastrophilus spp. 
and a moderate infestation and Strongylus and Cylicostomes in'thenecum 
and colon. 
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No. 21.—Aged mare with a subacute case of infectious equine anemia. 
At autopsy^ on September 29,1919, there were found severe infestations 
of Strongyitis and Cylicostomes in the cecum and colon. 


TABl^n Vl^-^Biood counts of horses with chronic cases of infectious equine anemia 


n \ 

Bate. 

Memo 

0 obki 

' Eiithiocytes. 

tetico- 
' cytes. 

tyni- 

pno- 

cj^es. 

Poly- 

morpho 

dears. 

Mono- 
“ nu- 
dears* 

Hosino- 

philes. 

Mast 

cells. 

‘Tran- 

sitioti- 

als. 


I^ov. 

27,1917 

IK 

y 8,120,00c 

5 iS, 222 

17.2 

76.8 

» 6, c 

» c 

C 

> 0 


Bee. 

15,1917 


5 7,456,00c 

) 9,650 

' 35 -J 

44-2 

! 15. c 

> 5-0 

c 

> 0 


May 

2, 1918 

8c 

) 7,728,00c 

) 8, 200 

• 30 - 

61. 6 

• 7*6 

' 1.2 

. 2 

0 


May 

16, I91S 

7 ' 

5 7,422,00c 

i 10, 200 

• 32. t 

60, 2 

5.0 

1 2.2 

0 

1 0 


Ijime 

i4j 1918 

9c 

) 9,620,00c 

) 80a 

' 41. S 

47*4 

■ 7*4 

2.4 

I. 0 

> 0 


Jtme 

i4 192:8 

IOC 

> 7,898,00c 

> 10,320 

28..^ 

61. c 

t 6.2 

3*4 

1.0 

0 


lJune 

245191S 

75 

5 9,080,00c 

> S> 3 io 

36.2 

55-6 

i 3-8 

4*0 

‘4 

0 


Aug. 

5,1918 

XIC 

> 7,892,00c 

>11, 700 

37*2 

44.6 

II. 0 

6.4 

.8 

0 


Aug. 

26,1918 

85 

f 8,072,00c 

> 7,633 

37 -^ 

48,6 

7.4 

6.2 

.8 

0 


bet. 

10,191S 

8^ 

j 7,138,00c 

> 7,963 

28, c 

57-6 

12. 2 

2.2 

0 

0 


Oct. 

29,2:918 

7 c 

j 6,408,00c 

> 8, 8S8 

30*4 

6x. 2 

6.4 

2.0 

0 

0 


[Nov. 

3.191S 

4 C 

> 3,936,00c 

> 5,183 

21. 6 

73.0 

4. 2 

1 .2 

0 

0 


j2ct. 

10,1918 

9c 

> 7,638,00c 

’ 7.383 


51-8 

5* 2 

4.4 

0 

0 


Nov. 

2,19x8 

9 C 

> 6,938,00c 

' 8,373 

25. c 

67.8 

6.4 

.8 

0 

0 


nan. 

2,1919 

8c 

) 4,864,00c 

> 7,639 

33-4 

57 * 

8.0 

1.4 

0 

0 


Jan. 

II, 1919 

Sc 

> 5» 834 00c 

> 77 939 

33 * c 

52.2 

9.2 

5*6 

0 

0 


Jan, 

28}1919 

4 C 

> 5,120,00c 

’ 7,631 

33-6 

58.0 

7.0 

1,4 

0 

0 


Mar. 

13,1919 

9 C 

> 7,264,00c 

17,360 

16. c 

77.2 

6.4 

•4 

0 

,0 

753 

|Mar. 

19,1919 

8c 

1 5,872,00c 

' 8,390 

54-4 

42. 6 

3.0 

0 

0 

0 

I 

Mar, 

25,1919 

7c 

> 5,984,000 

' 6,390 

53*6 

42.6 

1.2 

2. 6 

'0 

0 


Apr. 

2651919 

Sc 

> 6,984,00c 

' 5,387 

37-4 

$8.2 

3.6 

.8 

0 

0 


May 

i6j 1919 

9c 

* 7,638,000 

' 57931 

34.2 

51.2 

9*4 

5*2 

0 

0 


June 

9,1919 

100 

• 7,764,000 

i 6,390 

33-6 

60.4 

3*2 

. 2.8 

0 

0 


July 

3,1919 

100 

> 7,634,000 

7.961 

38-6 

57*2 

4-4 

,8 

0 

0 


. (Sept. 

12,1919 

90 

7,688,000 

7.833 

49.2 

42.8 

3 .S 

4.2 

0 

0 


'May 

2,1918 

74 

8,032,000 


41.6 

50.2 

4*8 

2,8 

.6 

0 


May 

II, 1918 

S5 

6,848,000 

7,480 

28.6 

61 .4 

4.4 

5 * 

0, 

0 


May 

14,1918 

90 




41.6 

8.2 





May 

20,1918 

90 

7,136,000 

8,000 

12. 6 

79. 2 

4.0 

3 * 9 
1.4 

. 2 
2.8 

0 

0 


May 

23,191S 

90 

7,840,000 

77 333 

29.4 

67 .2 

4*8 

.6 

0 

0 


May 

28,1918 

9 S 

7,232,000 

8,000 

43.6 

35. 0 

16.8 

2.2 

2. 2: 

0 

672 

■June 

3,1918 

90 

7,326,000 

7,960 

33 - 

58.2 

4 ' 4 

4.2 

. 2' 

0 


June 

12,1918 

77 

5,184,000 

6, 120 

41. 6 

45 * 4 , 

8 . 4 ; 

3.6 

' 1.0 

0 


June 

18,19x8 

86 

6,912,000 

S7 5S0 

1 25.6 

57 * 2 | 

14.8 

2,0 

' . 4 

0 


June 

24,1918 

84 

7,6x2,000 

37330 

32.6 

53 ‘^ 

10.0 

3.8 

i .6 

0 


July 

5,1918 1 

95 

7,642,000 

6,410 

28.8 

60, 4 

5.8 

5. 0 

0' 

0 


July 

8,1918 j 

68 

6,080,000 

7,200 

28.2 

63.4 

4.4 

3 * ^ 

1,0 

0 


(July 

13,1918 

78 

6,36S, 000 

7,200 

12.4 

; 74 ' 4 

1 13,2 

0 

. d 

0 

24 J 

[tjept, 1^,1919 1 

90 

6,988,000 

5,363 

27.0 

6$. 0 

5*4 

2. 6 

. *1- 

0 

0 


INOV. 

1,1919 

80 

6,464,000 

6,666 

25-4 

57*4 

13.6 

1.0 

2,6 

0 


rDec. 

24,1917 

So 

7,264,000 

6, 733 

30.2 

40.4 

xr. 6 

6.8 

0 

' 0 


^Mar, 

18,1920 

100 

83 32S, 000 

4, 328 


No count made, 




June 

4,1919 

100 

7,856,000 

4,960 

32.6 

61.2 

4.8 

1.4 

0 

0 


July 

3 » mg 

80 

6,398,000 

7.333 

36.6 

53 * S 

I2 

1.4 

0 

0 

, iS ^ 

Aug. 

25,1919 

So 

7, 288, 000 

4 

40. 2 

46.2 

6.0 

7.6 

0 

0 


Sept 

12,1919 

So 

4 972,000 

4} 888 

40. 2 

49.0 

6.2 

4,6 

0 

0 


Nov. 

1,1919 

90 

8,262,000 

9.363 

38.4 

51,4 

9.6 

X. 2 

0 

0 



24,1919 

80 

7,074,000 

5,366 

38*3 

54 ' 6 

6.1 

1.0 

0 

0 


■Aug. 

23,1919 

90 

7,844,000 

7,888 

29.0 

60.2 

4.4 

6. 0 

0 

0 


Sept 

12,1919 

70 

6,864,000 

7,391 

21.2 

68.2 

5.4 

■ 5. 2 

0 

0 

< 

Oct. 

,97 mg 

60 

5,834,000 

7,200 

42.2 

47.2 

6. 4 

4*' 2 

0 

0 


:Hoy., 

■1,19x9 

80 

6,824,000 

4, 266 

39-4 

44.4 

13. 0 

3 * 2 

0 

0 


Bee. ■' 

247 r 9 t 9 

70 

6,876,000 

4 :866 

40.4 

46.2 

II. 0 

2.4 

0 

0 


'Avet^ 


84.0 

7,1x9,000 

7,225 

33 * S 

56.0 

7*3 

2. pj 

*,30 

0 
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No, 671,— Aged gelding with a chronic case of infections equine 
anemia. 

At autopsy on November 4, 1918, there were found a few Strongylus 
and Cylicostomes in the cecum and colon and a small aneurism of the 
anterior mesenteric artery containing one live embryo. 

No. 753.— Four-year-old colt with a chronic case of infectious equine 
anemia. 

At autopsy there were found a moderate number of Strongylus and 
Cylicostomes in the cecum and colon and three Setaria eqtiina in the 
abdominal cavity. 

No. 672.—Middle-aged mare with a chronic case of infectious equine 
anemia. 

At autopsy on July 14, 1918, there were found small numbers of 
GastropMlus spp. and a moderate infestation of the cecum and colon with 
Strongylus and Cylicostomes. 

No. 24,—^Aged animal with a chronic case of infectious equine anemia. 

At autopvSy November 14, 1919, many Gasirophilus spp. were found, 
10 Setaria, a serious infestation of ..Strongylus and Cylicostomes in the 
cecum and colon, and a small aneurism of the anterior mesenteric artery 
containing live embr3^os. 

No. 25.—^Twelve-year-old mai'e with a chronic case of infections equine 
anemia. 

At autopsy March 18, 1920, there were found a few GastropMlus spp. 
and a moderate number of Strongylus and Cylicostomes in the cecum and 
colon. 

No. 18.—^Ten-year-old gelding with a chronic case of infectious equine 
anemia. 

At autopsy on February 10, 1920, tliere were found three GastropMlus 
spp., a few Strongylus and Cylicostomes, and a small worm-free anuerism 
of “the anterior mesenteric artery. , 

No. 23.—Aged gelding with a chronic case of infectious equine anemia. 

At autopsy on February 17, 1920, there wem found about 1,50 GastropM 
iUs spp. and a moderate number of Strongylus and Cylicostomes in the 
cecum and colon. 

Hadwen (7) has noted that the eosinophiles in cases of swamp fever 
(infectious equine anemia) are diminished in number and sometimes 
absent from the peripheral blood. In the cases here reported this is 
noticeable more especially in the acute cases than the chronic ones. 
There is very little, if any, decrease in the number of the eosinophiles in 
some of tlie more chronic cases. 

In passing, it may well be said that in connection with some parasitic 
anaphylaxis experiments injection of ground up Gasirophilus spp. pro¬ 
duced a marked local eosinophilia with severe abscess development 
Local injection of ground up Strongylus produced a mild abscess' 
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formation with practically no local eosinophilia. ' Mention of this is made 
in the hope that further observations will be made. 

The work of Biicklers ( i), Deglos (5), Giffin {5), Hadwen (6), Moore* 
Hating* and'Cady {8)^ and Nazum should also be consulted in con¬ 
nection with the study of eosinophilia. 
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A SOURING OF BEEF CAUSED BY BACIEUUS 
MEGATHERIUM 

By Hubert Bunyea 

Veierinary Inspector, Pathological Division j Bureau of Animal Industry ^ United States 

Department of Agriculture 

The problem involved in the maintenance of a wholesome food supply 
for the public is without doubt one of paramount importance, concern¬ 
ing, as it does most intimately, the physical well-being of the Nation. 
Among the most difficult phases of this problem is that respecting the 
flesh foods. The long recognized fact of the communicability to man of 
certain animal diseases has made it imperative for the safeguarding of 
health that supervision be maintained over the extremely important 
industries engaged in the production of flesh foods. 

But there are other considerations which stress the urgency of a proper 
watch over the character of the flesh foods to be offered to the people 
for consumption. Meats, to be acceptable to man, must be not only 
wholesome but palatable. It is quite conceivable that the flesh of a 
carcass which has satisfactorily passed a rigid inspection as to the exist¬ 
ence of disease may subsequently be subjected to such a manner of 
handling as to render it utterly unsuitable for food. This is what actually 
occurs at times. 

Aside from the objectionable qualities which may be normal or inci¬ 
dental to animals presented for slaughter, such as the sexual odors and 
flavors of certain adult male animals or odors and flavors produced by 
the use of ill-smelling feeds, etc., the flesh of animals from the time of 
slaughter to the time of consumption is continually susceptible to the 
acquisition of undesirable properties. Some of these may be acquired 
by absorption and others by the action of bacteria, as in ordinary putre¬ 
faction. 

There is a condition known as sour beef, which is familiar alike to 
butchers and inspectors, and one which doubtless occasions no little 
economic loss, especially to small butchering establishments and retailers 
who may not be equipped with facilities for the storage of.meat to 
prevent this alteration. In reference to this condition _ the following 
statement is quoted from Ostertag^s ‘‘Handbook of Meat Inspection*’:^ 

Stinking acid fermentation occurs in slaughtered domestic animals when the meat, 
while still warm, is stored in large pieces and in closed receptacles, or, in general, 
when it is subjected to conditions under which it can not cooL ' This alteration is 
characterized by the term "suffocated.*^ ■ 

1OSTERTAG. Robert, handbook: of meat inspection , . Translation by Earley Vernon Wacca, 
ed. »» rw., p. 74fr"747* New York. 1905 . 

Jotimal of Asrricultttral Research, ^300!, Ha 
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It is not definitely known that the souring of beef refeixed to by 
Ostertag is identical with that which is discussed in this study. 

Certainly the conservation of the interests of the consuming public 
in this regard can be accomplished only by precautions of a far-reaching 
nature, involving vigilance from the abattoir to tlie platter. 

The common stock of knowledge as to the definite cause of the phe¬ 
nomenon Imown as sour beef is probably more or less vague. 

A specimen of sour beef was sent to this laboratory from one of the 
large packing establishments with a view to determining definitely the 
cause of the condition in tills specific instance, as the meat was very 
decidedly sour. The specimen was assigned the number 1510. 

BACTERIOLOGICAL EXAMINATION OF vSOUR BEEF 

All effort was made to isolate any organisms that might be found in 
the interior of the specimen. This was accomplished in the following 
manner:' A site was selected favorable to making a deep cut into the 
body of the specimen, and the surface was then seared for a radius of 
several inches ndth a hot platinum spatula. With a sterile scalpel and 
forceps this surface was removed to a depth of }4 inch. The newly 
exposed ’ surface was then similarly seared, and with the aid of a fresh 
sterile scalpel and forceps a small cube of meat was aseptically taken out 
and placed into a tube of bouillon medium. 

' This bouillon culture showed appreciable gi'owth at the end of 24 
hours" incubation at 37° C. It was then shaken thoroughly, and a loop- 
M of the suspension of organisms was distributed upon the surface of 
each of three plain agar plates. 

Upon incubation for 24 hours at 37^'C. these plates developed three 
types of organisms, which vrere later transplanted upon plain agar slants, 
and for convenience of identification designated as organism 1510-A, 
1510-B^/ and respectively. Organism i5ia-A proved to be 

Staphylococcus dhus. Organism i5io~B was a medium short chain- 
forming' and apparently spore-bearing bacillus. Organism 1510-C was a' 
fungus. 

■ An effort was then made to determine whether any one of these three 
organisms or any combinations thereof would artificially produce the 
sour-beef odor in meat as noticed in the original specimen. ' Sterile nor¬ 
mal beef muscle pieces were placed in sterile plugged test tubes, and the 
following tests were applied. 

Two tubes were inoculated with each organism and two tubes with 
each' combination of two organisms. All of the tubes wem incubated for 
24 hours at 37^^ C, with the following results: 

Organism i5io~A produced no odor. 

Organism 1510-6 produced a distinct sour-beef odor. ' 

Organism 1510-C produced a musty, fungous odor. 
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Organisms 1510-A and B together produced a slight soiir-beef odor. 

Organisms i5iO“A and C together produced a slight musty odor. 

Orgaiiisriis 1510-B and C together produced a blending of sour~beef 
and musty odors. 

All of the meat pieces which were inoculated with the fungus were cov¬ 
ered with a heavy overgrowth of this organism. 

This experiment seemed to fix the responsibility for the souring of' 
this specimen of beef upon organism 1510--B independently of the other 
two organisms. Both organisms i5io~A and 1510-C will therefore be 



Ejg. X.—a, ciiains of the vegetative fonn of the orgatiism; B. chains of orgaaisisis m begraning sportila- 
tiott fonas» cosataming inxmatiire spores; C, completely formed spores, in which stage the chain formation 
is invariably lost. Pen-and-ink drawing from microscope with aid of camera Incida. 

disregarded from this point as incidental and of no significance in the 
souring of beef. 

DESCRIPTION OF CAUSATIVE ORGANISM 

Various diagnostic media were then employed to determine if possible 
the identity of organism 1510-B. It was found that the morphology and'' 
cultural characteristics of the^ organism corresponded more closely to^^. 
those of Bacillus megatherium van Ravenellii and B, megatherium var. de 
Bary, as described by Chester/ than to any other organism described. 
The organism 15X0-B may be briefly described as follows: 

A round-ended, chain-forming, spore-beating, Gram-positive, aerobic, 
slightly motile rod, from 2 to 5 microns long and 2 microns wide. During 

1 CHE5KTER, Frederick D. a KAtroAi, ot dstekminative BAcrisraowGY. p, 37i-'a72, 277. New Vorfc'*' 
I/mdon. 1909. 

509S6®—21—-7 , 
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sporulation tlie organisms become symmetrically swolleiij and the chains, 
naturally fragile, become even more so. The spores are equatorial 
Figure i shows the microscopic appearance of organism 1510-B in the 
vegetative form (A) and in the immature (B) and mature (C) stages of 
sporulation. Isolated 24-hour colonies when slightly magnified are seen 
to be densely opaque at the center. The periphery is granular, with the 
the appearance of irregular circles composed of rhoniboidal rugae, 

In, Table I there is given a comparative digest of tlie cultural charac¬ 
teristics of Bacillus megatherium var. de Bary and B, megatherium var» 
Ravenellii, as given by Chester,^ along with those of organism i5iO“B, 
recovered from the specimen of sour beef. 

Table I .—Comparison of cultural characteristics of organisms 


B. megaiheriwni var. de Bary. 


E. viegaikerium var. Ramenellii^ 


Organism isio-B of sour beef. 


Aerobe, flagellated, 2 
to 5 microns wide. 


Gram-positive_ 

Gelatin liquefied. 


Agar slant growth, like 
B. yellowish. 


Potato, like B. subtilis; 
yellowish. 


Indol negative, hydro¬ 
gen sulphid (H2S) 
positive. 

Habitat, cabbage infu¬ 
sion. . 


Aerobe and facultative anae¬ 
robe. Rod-rounded, 3 to 
5 times breadth. Chain¬ 
forming, spore - bearing. 
Rods not swollen. 

Slightly motile, ameboid,.. 

Gram-positive. 

Gelatin liquefied. 


Agar slant, white, glistening, 
elevated, sometimes yel¬ 
lowish, odor of sour milk. 

Potato, gro^vth elevated, 
white, moist, glistening, 
spreading, rugose. Odor 
of stale milk. 

Litmus milk decolorized, 
slowly peptonized. Am¬ 
photeric. Alkaline. 

Indol negative. 


Habitat, soil, 


Aerobic rod, rounded ends, 
chain-forming, spore-bear¬ 
ing. Rods symmetrically 
swollen at sporulation. 
Length 2 to 5 microns, 
width 2 microns. 

Slightly motile. 

Gram-positive. 

Gelatin liquefied. No gas 
fermentation in dextrose, 
lactose, and saccharose. 

Agar slant, smooth, dull, 
^ayish white, luxuriant 
in 24 hours at 37® C. Sour 
odor. 

Potato, smooth, glistening, 
yellowish white, moist, but 
scant growth. 

Litmus milk coagulated, pep¬ 
tonized, decolorized. Neu¬ 
tral to Pfl. 

Indol negative. 


Habitat, sour beef. 


Fermentation reactions as shown in Table 11 were obtained 'after 60 
hoursLiiicubation with Bacillus megatherium var. de Bary and organ¬ 
ism A 5 lo-B. 


^ Chester, Frederick D. op. ar. 
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II .—Comparison of fermentation reactions 


Organism. 

Dextrose, i 

t""". 

Dactose. 

B, megatherium .... .1 

Acid... 

Negative. 

1 

1510 -B.' 

...do... 

...do. 


Saccliarose. 

Hannite. 

Xylose. 

Dovuiose. 

Slight 

acid. 

Negative. 

Negative.' 

j 

Acid. 

Acid . . ,,' 

... do. 

... do. 

Do. 


i 


Organism. 

Galactose. 

Innlin. | 

1 Arabinose,. i 

Duidte. ’ 

Maltose. ! 

Salacin. 

B. megatherium . 

15XO-B. 

Acid... 

..-do... 

M • 1 

Negative. | 
.. .do.' 

Negative. 1 
.. .do.1 

Negative. 
... do. 

i Acid... 

Acid. 

i Negative. 

i 



1 



1...do 


CHEMICAI, EXAMINATION OF SOUR BEEF 

To determine' the identity of the acid produced by organism 1510-B 
in the process of souring beef, the following preparations were made: 

About 125 gm. of sterile raw meat pieces were inoculated with organ¬ 
ism 1510-6 and incubated for eight days. A corresponding container 
of sterile raw beef, uninoculated, was likewdse treated as a control. At 
the end of eight days both specimens were removed from the incubator. 

The inoculated specimen had acquired an intensely sour odor, character¬ 
istic of that previously produced by the organism in meat, while the con¬ 
trol specimen was apparently unchanged. 

As a control on the purity of the culture which had produced the 
souring, bouillon cultures were inoculated with fluids from the sour speci¬ 
men. These cultures were plated, and eight representative colonies 
were picked off” from the plates, each of which colonies subsequently 
developed, on agar slants, gro'ivths w^hich invariably were true to type 
in morphology, cultural characteristics, and the ability to reproduce 
sour beef. 

It was therefore concluded that this specimen was rendered sour by a 
pure culture of organism 1510-B. 

This specimen and the uninoculated control specimen were then sub¬ 
mitted to J. F. Couch, ,pharmacological chemist of 'the Pathological 
Division, Bureau of Animal Industry, for an identification of the acid 
produced in tlie meat by the organism 1510-6. 

The report of his technic is as follows: 

Bodi samples were cooled in a refrigerator and were then extracted with cold ether. 
Upon evaporation of the ether extracts the residue from the normal beef deposited 
a small quantity of fatty matter which w"as neutral in reaction and had'the odor of 
beef tallow. The residue obtained from the inoculated beef, hov/ever, was acid to 
litmus and carried the offensive putrefaction odor of the sour-beef specimen. From 
this small residue some evidence of propionic acid was obtained. The .sour-beef 
specimen was, therefore, extracted with 300 milliliters of 2 per cent sulphuric-acid 
solution by digestion at a moderate temperature. The aqueous solution was filtered 
by suction, and the .clear filtrate, which had the characteristic putrefaction odor., was 
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siibniitted to steam distillatioxi. The distillate was acid and carried the putrefaction 
odor. This was titrated against iV/5 sodium hydroxid, using phenolphthalein as 
indicator. Neutralization required 50.78 milliliters. The solution of the sodium salt 
was then concentrated by distilling off the solvent. The distillate carried the putre¬ 
faction odor and was neutral to litmus. The residue was transferred to a glass evapo- 
rating dish, dried to constant weight, at 105° C. and weighed. Weight of sodium salt, 
0.9704 gm. Calculated for CaHsCOgNa, 0.9855 gm. The identity of the acid was 
coixfimied by conversion into the barium and silver salts, by solubility and organo¬ 
leptic tests, and by Dyer's color test.^ 

PATHOGENICITY AND TOXIN PRODUCTION 

Tests were conducted to determine the pathogenicity of the organism 
recovered from sour beef and to ascertain whether it produces toxin in 
meat or on artificial media. 

Two guinea pigs were inoculated with a normal saline suspension of a 
culture of the organism taken from a plain agar slant, one guinea pig 
receiving the inoculation subcutaneously and the other intraperitoneally. 
No ill effects w^ere produced by this organism. 

A third gninea pig was fed pieces of meat thoroughly soured with the 
organism and was also “drenched” with a heavy saline suspension of the 
organisms. This animal lived. 

Two guinea pigs were inoculated intraperitoneally each with i cc. of 
a hea^ry saline suspension of the washed organisms from a 24-hour agar 
culture. They were not affected. 

Two guinea pigs were inoculated intraperitoneally with the super¬ 
natant fluid of a 24-hour bouillon culture of the organism but showed no 
ill effects. 

These tests indicate that this organism is not pathogenic for guinea 
pigs and does not produce any appreciable toxin in ordinary media or 
raw beef under laboratory conditions. 

COMPARATIVE ODOR PRODUCTION OF OTHER ORGANISMS 

An experiment was conducted to compare the odor produced on meat 
by this organism tvith any odors that might be produced by oth^mgaur 
istfis" selected at random. Sterile normal meat pieces were inoculated 
with various Organisms in order to determine whether this characteristic 
soiir-beef odor would be reproduced or approximated by any of them on 
raw meat These inoculated meat pieces were incubated, for four days 
at,37^ C. , The following organisms failed to produce any perceptible 
odor:, 

Baciilm pyocyanmL. 

Bacillus of Priesz anci"Nocard. ^ 

' SiapkyiococcMs aibus. ' 

''pSiaphyhcocms citrms./^, ' 

B. C. A NSW o:# BJSTOJWVWON- BOH"THE DETERMINATION OF THE VOIATITE 

FATTY' ACID'S,' KfctUDJN'G'A SaWES'OF 'COWtoMETEXC gCTAlITAUVE ItEACTlOHS FOE THEOft IDENXltFICATlOK. 
la Joar. Bid CSikii., v. no. a^’p. 469. 
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B. hmmhisepticus, 

B. typhimnrmm, 

Actinomyces bovis. 

Moeilei^'s grass bacillus, 

B. ladimorbis. 

B. puUorum. 

B* meseniericus. 

B. prodigiosus. 

B. enieriiidis. 

B. coli communis. 

B. coli communior, 

B. icteroides. 

Streptococcus mastitis, 

B, gaUinarium, 

B, subiilis. 

The following organisms produced odors as described: 

Saccliaromyces, slight sweetish odor. 

Blastomyces, distinct yeasty odor. 

Bacillus vulgatuSf chestnut odor. 

Organism 1510-B again produced the typical sour-beef odor. 

The odor produced by organism i5io~B is strikingly characteristic; 
it is readily distinguishable from the yeasty or putrefactive odors, and 
it is not produced on raw beef by any of the other organisms used in 
this experiment. 

THERMAL AND OXYGEN REQUIREMENTvS 

A facultative test of the beef-souring property of organism i5io~B 
with regard to temperature and oxygen tension was next applied. Meat 
pieces were inoculated with the organism and treated as follows for four 
days, with the results noted in each case: 

(1) Aerobically at room temperature. Produced perceptible sour- 
beef odor, tliough not so strong as when incubated. 

(2) Aerobically in refrigerator (0° to 4.5° C.). Produced 'a faint sug¬ 
gestion of sour-beef odor. 

(3) Anaerobically in incubator. Produced no odor. 

(4) Under partially reduced oxygen tension in incubator. No odor. 

It was concluded from these results that the organism i5ic>-B is an 

aerobic saprophyte with a wide range of vegetative temperatures but 'with 
an optimum of about 37*^ C. 

SEROLOGY 

It was then decided to determine if possible the existence of a specific 
or group agglutination reaction which would establish a relationship be¬ 
tween the organism isolated from sour beef and Bacillus megaiherimn. 
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Cultures of Bacillus megatherium No. 270 and 734 were obtained from 
the American Museum of Natural History of New York City. No. 734 
was the de Bary strain, but the identity of No. 270 was unknown. 

Two rabbits were hyperimmunized against organism 1510-B by intra¬ 
venous injections of 0.5 cc. of a washed saline suspension of the organism 
on the first day, i cc. on the fifth day, 2 cc. on the twelfth day, and 
2 cc. on the nineteenth da}^ Samples of blood serum were then taken 
and were tested against carbolized normal salt solution suspensions of the 
organisms (agglutinating fluids). A sample of normal rabbit serum was 
also tested against each organism as a control. After 24. hours’ incubation 
at 37° C, the tests were read, as shown in Table III. 


TABun III .—Agglutination tests 



1 

1 B. megatherium, 270. 


i 

1 0.04 

0.02 

i 

O.OX 

0.005 0.002 

0.001 

Hyperimmune rabbit A... 

Hyperimmune rabbit B. 

Norma! rabbit C. 

1 

? 

' 

+ 

_L 

? 

4. 

H- 

+ ? 

+ + 

? 

+ 


B. megatkerium. 

var, de Bary, 734. 


0.04 

0,02 

o.pi 

0.005 0.002 

O.OOI 

Hyperimmune rabbit A. 

Hyperimmune rabbit B. j 

Normal rabbit C. .j 

d-f 1 

d- 

d" 

■f 

d“ 

t ? 

"T — 

- 

ADLinUfLl. 

Organism rsio-B. 


0.04 

0.02 

O.OI 

0.005 0.002 

0.001 

Hyperimmune rabbit A. 

Hyperimmune rabbit B... 

Normal rabbit C__ 

+ 

T“ 

d“ 

4 _ 

4 4 

4 4. 

d- 

-f 


Anaerobic cultures of the three organisms on 3 per cent glycerin agar 
were incubated 18 hours at 37° C. with no apparent growth. At 60 
hours incubation these cultures all show minute dewdrop colonies. The 
same cultures' were then incubated aerobically for 24 hours at 37^^, pro¬ 
ducing a luxuriant growth, typical of Bacillus megatherium. 

The apparent identity of the organism 1510-B as Bacillus megathe¬ 
rium now appeared to be dearly established by its morphological and 
eulturd likeness to the known organism of that name. It remained to 
be seen, however, whether the phenomenon of the souring of beef could 
be reproduced by a known culture of B. megaiherium derived from a 
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source other than sour beef. For'a determination of this problem both 
cultures obtained from the American Museum of Natural History were 
used for the inoculation of sterile specimens of raw beef. A third speci¬ 
men was inoculated with organism 1510-B. After 24 hours’ incubation 
it was found that the typical odor of sour beef had become pronounced 
in each of the samples inoculated. It was therefore concluded that j 5 . 
megatherium is capable of producing the condition commonly known as 
sour beef. 

MICROSCOPIC APPEARANCE OF SOUR BEEF 

Several small pieces of artificially soured beef were prepared for sec¬ 
tioning by the paraffin method. Sections were made, mounted, and 



Pig. 2,--“A cross sectioa of beef muscle inoculatedikwitjh. orgaaism isio-B, stained by tbe Gratn-Weigerfc 
mctliod to show bacteria. Pen-and-ink drawing from microscope with aid of camera ludda. 

Stained by the Gram-Weigert method to show bacteria. Figure 2 is a 
reproduction of a pen-and-ink drawing made with camera ludda from one 
of the sections as seen under the microscope. The organisms are seen in 
large numbers on the exterior surface of the section, a fact which may be 
accounted for by the aerobic nature of the organisms. As they pene-' 
trated into the interior of the meat, growing between the muscle fibers, 
their multiplication was greatly inhibited by the anaerobic condition 
of the interior of the tissue, and yet a few persevering organisms may be 
seen to have penetrated well into the tissue. 
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CONCI.USIONS 

Tlie phenomenon known as the souring of beef is a bacterial one. 

The organism responsible for the souring of beef is Bacilhis megatherium. 

Bacillus megatherium will sour beef under a wide range of tempera¬ 
tures, but not in the absence of oxygen. 

In the souring of beef by Bacilhis megatherium propionic acid is pro¬ 
duced. 

Bacilkis megatherium is nonpathogenic for experimental animals 
(rabbits and guinea pigs) and does not produce an appreciable amount 
of toxin when propagated upon raw beef. 
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A FUNGUS DISEASE SUPPRESSING EXPRESSION OF AWNS IN 
A WHEAT-SPELT HYBRID 
By Lloyd B. Thatcher 

Assistant Agronomist, Ohio Agricultural Experiment Station 

During tlie winter of 1919, a number of F2 hybrids between Tfiiicwm 
vulgare Vill. and Triiicum spelta L. were grown in the greenhouse of the 
Department of Agronomy of the Ohio Agricultural Experiment Station* 
One bed was planted with 124 grains spaced about 8 inches apart each 
way. The seeds were first treated with the spores of Tilletia foetans 
(B. and C.) Trel., the object of the treatment being to isolate any segre¬ 
gates resistant to the smut that may have come out in the F2 plants. 
That tiie treatment was successful is shown by the control. 

An exajiiination of the mature plants showed that they might be 
divided into three classes: Those of which all the grains of all the spikes 
were infected; those of which all the grains of part of the spikes were 
infected; and those of which all the grains of all the spikes were free 
from infection. The number of mature spikes varied from i to 6. 
Assuming a simple Mendelian ratio in which AA would represent the 
genotype of the all diseased, Aa the part diseased, and aa the disease- 
free, we would have the following c.1assification: 


Class.” 

Observed 

number. 

Expected 

number. 

Standard 

deviation. 

Actual 

deviation. 

Ratio. 

Observed. 1 Expected, 

AH spikes diseased, AA. 

19 

31 

4. S2 

12 

0. 613 

I 

Not all spikes diseased, Aa. 

72 

62 

5 - 57 

10 

2. 322 

2 

Total AA and Aa. 

91 

93 

i 4.82 

i 2 

2. 935 

3 

All spikes diseasedree, aa. 

33 ^ 

31 

4. 82 : 


I. 065 

I 

TotalAA,Aa, and aa..., 

X24 

124 

! 

t. 

i 

I ; 

1.. 

> 4. 000 

4 


It is observed that the class of the all diseased spikes is tinder 
the expectation and the class not all diseased is over the expectation. 
We may assume that the identification is at fault, AA sometimes giving 
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tie same result as Aa. If tie classes AA and Aa be taken as one, tie 
deviation from expectancy is two, which is less than one-half the stand¬ 
ard deviation. 

An examination of the diseased plants revealed an interesting pheno¬ 
menon as illustrated by Plate 135. Those plants which were awned 
segregates of the class in which part of the spikes were diseased showed 
normal development of the aivtis in the disease-free spikes and a siip- 
pression of aivns in the diseased spikes. No spikes were found which 
contained both diseased and disease-free kernels. 




PLATE 135 

Spikes from tkree plants of F2 heat-spelt hybrid. The smutted spikes are on the 
left and the smut-free spikes on the right in each group. 




A Fungus Disease Suppressing Expression of Awns 


Plate 135 


Journal of Agricultural Research 

















EFFECT OF AMMONIUM SULPHATE UPON PLANTS IN 
NUTRIENT SOLUTIONS SUPPLIED WITH FERRIC 
PHOSPHATE AND FERROUS SULPHATE AS SOURCES 
OF IRON 

By Linus H. Jones and John W. Skive 
New Jersey Agricultural Experiment Station 

INTRODUCTION 

The experimental work reported in this paper grew out of a study 
of ammonium sulphate [(NH4)2SOJ as a possible source of nitrogen for 
wheat and soybean plants in nutrient solutions. The' status of the 
problem regarding the direct utilization of ammonium salts by agricul¬ 
tural plants is still in a very unsatisfactory condition.' While experi¬ 
mental evidence favors the idea that ammonium salts ate good ^ sources 
of nitrogen for the higher plants, it' also indicates that plants differ in 
their ability to utilize ammonium salts. Some plants appear to require 
the ammonium ion as well as the nitrate ion for growth at certain, stages 
of their development. In some recent work Espino {jY has shown that 
the rice plant during the early stages requires the ammonium ion for 
normal growth. From a review of the more important contributions 
to the literature on the mineral requirements of the rice plant, this 
author summarizes by saying: 

There is good reason to suppose that: (i) This plant requires the same chemical 
elements as do other higher plants. (2) The young plants are, not suited to deriving 
tlieir nitrogen from nitrates but thrive very well when ammonium sulphate (or possibly 
other ammonium salts, such as cliolride, nitrate, etc.) is supplied. (3) Older plants 
are able to derive their nitrogen supply from nitrates, but may be able to thrive with¬ 
out the nitrate ion when the ammonium ion is supplied at a proper rate. 

He calls attention to the fact, however, that— 

none of these points is at all well established in a quantative way. 

The' more recent work of Trelease and Paulino (ip) .and that of Trelc^,e 
(20) is of interest in this connection. The results of their studies of the 
rice plant in soil cultures'indicate'that ammonium nitrogen is much more'' 
effective than nitrate, nitrogen in increasing the yields of this plant,',' The 
yields obtained' per nnit' of molecular nitrogen werC"highest when the 
nitrogen was applied to the cultures in the form of ammonium sulphate'^'' 
they were lower when supplied'as ammonium nitrate, and'still lower 
when supplied in the form of. calcium nitrate [Ca(NQ3)2] or sodium nitrate 
(NaNOg'). 

A review of the literature.on the.general subject'of the utilization: of^ 
aiiimo,nium as a source 'of nitrogen for the higher .plant's ca.n not here' 'be 

i hefereaceisiJiadefoFiittiaber(itaHc)t6 ^%iterattiredteel/*P* 
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attempted. Mention should be made, 'however, of the important work 
of Hutclimson and Miller (ii) in which they summarize a review of the 
more definite contributions to the literature on this broad subject* As 
a result of their own careful research on the direct assimilation of ammO’- 
nium salts by higher plants, these authors conclude that agricultural 
plants can develop normally when supplied with nitrogen only in the 
form of ammonium salts, that some plants grow equally well with ammo¬ 
nium or nitrate as a source of nitrogen, and others, while capable of 
assimilating ammoniacal nitrogen, appear better able to utilize nitrates* 
They express the doubt, however— 

whether amnioniiim salts can ever produce better final results tlian nitrates. 

In some preliminary experiments with nutrient solutions of the 
Tottinghani {iS) type in comparison with these solutions in which the 
potassium nitrate (KNO3) was replaced by ammonium sulphate in 
equivalent osmotic concentrations, it was found that the solutions con¬ 
taining ammonium sulphate were toxic to wheat and soybean plants 
when soluble ferrous sulphate (FeSO^) in quantities of i mgm* of iron per 
liter of nutrient solution was added as a source of iron for the plants. 
When, however, equivalent amounts of iron in the form of the insolttble 
ferric phosphate (FePOJ were added,to the'solutions containing ammo¬ 
nium sulphate, the toxic effect upon the plants entirely disappeared. 
The phenomena observed in connection with the use of the two forms of 
iron (soluble and insoluble) in the presence of the ammonium ion in com¬ 
plete nutrient solutions appeared to be of sufficient importance to war¬ 
rant careful investigation, A comparative study was, therefore, made 
of the physiological effects produced upon wheat and soybean plants 
during the early stages,of development by the two types of nutrient 
solutions just mentioned—^the Tottingham solutions unmodified and 
these solutions in which ammonium sulphate was substituted ^ for the 
potassium nitrate—^with traces of a soluble'ferrous compound and an 
insoluble ferric compound added as sources of iron for the plants, A 
study' was also made of the influence of the plants upon the media in 
which they were grown. The results obtained with' wlxeat will alone be 
presented in the present paper. Those for soybeans will appear in a 
later publication. 

methods of procedure 

The experiments considered in the following pages each comprised two 
series of culture. In the &st of these two series, 20 representative solu¬ 
tions chosen from Tottingham's {18) complete series of 84 were used. The 
20'solutions chosen are uniformly distributed throughout the series and 
will be designated by the culture numbers referring to, the positions 
which they occupy in the series and on the 4-coordinate diagrammatic 
scheme employed"by To,ttingham. The second series was like'the first 
in every respect, escept that ammonium sulphate in equal osmotic con-* 
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centrations was substituted for the potassiuin nitrate in the Totting- 
ham solutions of the first series. With this substitution it is reasonable 
to suppose that any marked differences in the response of the plants 
toward the nutrient media in corresponding cultures of the two series 
could be attributed to the influence of the ammonium sulphate upon the 
plants either directly or indirectly, assuming the cultures to be sub¬ 
jected alike to all other experimental conditions. Tivo control solutions 
serving as standards for comparison were added to each series. These 
consisted of Tottingham's (18) best solution for wheat, number T3R1C4, 
with a total osmotic concentration value of 2.5 atmospheres, and Shive’s 
(15) best solution for wheat, number R5C2, with an osmotic concentra¬ 
tion value of 1,75 atmospheres. 

Baker’s analyzed salts were used in the preparation of the solutions. 
Table I gives the' culture numbers indicating the position of the cultures 
in the Tottingham series and the partial volume-molecular concentra¬ 
tions of the salts as they occurred in the solutions of the two series. 
The nutrient solutions of each series were made up from half-molecular 
stock solutions of the salts used to give to each solution a calculated 
total osmotic concentration value of i atmosphere. Freezing-point 
determinations showed that this concentration was closely approximated 
for each solution. 

TabIvB I ,—Description of solutions tised 


Volume-molecular partial concentratioas.® 


Ammoiiium-suiphate scries (B). 


oomtioa No, 


Tottiugham series (A). 




KNO3. 

KH2PO4. 

Ca(N 03 )a. 

MgSOi. 

CNH 4 ) 3 »SOi. 

TiRiCi...... 

0.0020 

0. 00211 

0. 00146 

0. 01659 

0. 0014 

C3. 

. 0020 

. 002 II 

. 00438 

.01185 

.0014 

Cs . 

. 0020 

. 002 II 

. 00730 

. 00711 

.0014 

C7. 

. 0020 

. 002II 

. 0X022 

. 00237 

. 0014 

R3CI... 

. 0060 

. 00211 

. 00146 

. 01185 

. 0042 

C3. 

. 0060 

. 002 II 

. OO43S 

, O0711 

. 0042 

Cs. 

. 0060 

, 00211 

. 00730 

. 00237 

. 0042 

RsCi. 

. 0100 

. 00211 

. 00146 

00711 

.0070 

C3. 

j . 0100 

. 002 II 

, OO43S 

i . 00237 

. 0070 

R7CI . 

. 0140 

. 002II 

. 00146 

: .00237 

. 0098 

T3RICI .. 

. 0020 

.00633 

. 00146 

i .OI1S5 

. 0014 

C3. 

1 . 0020 

.00633 

. 00438 

1 . 007-11 

. 0014 

C5. 

. 0020 

.00633 

. 00730 

.00237 

. 0014 

R3CI. 

. 0060 

.00633 

, 00146 

. 0071X 

. 0042 

C3. 

- 0060 

. 00633 

.OO43S 

.00237 

. 0042 

RsCi.. 

. 0100 

.00633 

. 00146 

, 00237 

. 0070 

T<RiCi.. 

, 0020 

.OIOSS 

. 00146 

. 00711 

. 0014 

C3... 

. 0020 

, 01055 

. OO43S 

. 00237 

. 0014 

R3C1.. 1 

. 0060 

‘ OIOSS 

. 00146 

.00237 

. 0042 

T7R1C1..... 

. 0020 

• 01477 

00146 

. 00237 

, 'OO14 


a Osmo-ic coacentratioa value of each solution i aimospiiere. 
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Iron was supplied to all the cultures in equivalent amounts either in 
the form of the so-called insoluble ferric phosphate or the soluble ferrous 
sulphate. These two forms of iron were chosen in order to test the 
effect of a soluble and an insoluble form of iron upon growing plants in 
conneetion with the two types of nutrient solutions used, and still not 
introduce anions different from those provided by the four main salts 
present in the solutions in considerable quantities. The feixic phosphate 
was added to the solutions from a stock supply prepared as described 
in a previous publication (ra), while the ferrous sulphate was added in 
the form of an aqueous solution freshly prepared each time just before 
being used in the culture solutions. This form of iron does not precipi¬ 
tate so rapidly nor so completely from the culture solutions here used 
as do other forms of s'oluble iron. By direct qualitative tests made 
from four to seven days after the ferrous sulphate was added to the 
culture solutions, the presence of dissolved iron could still be detected. 
As' indicated by these qualitative tests, the capacity of'iron'citrate for 
maintaming its solubility in these solutions was equally as strong as that 
of ferrous sulphate. This is in accord with the view of Hoagland (lo), 
who states, that iron citrate and tartrate appear to be the most efficient 
sources of iron. The availability and efficiency of a given iron salt in 
relation to plant growth are, of course, determined largely by the con¬ 
centration of the iron salt used and by the concentration, reaction, and 
composition of the nutrient solution in wffiich it is used, as Gile and 
Carrero (5) have shown. Duggar (2) very .successfully used what he 
calls “soluble ferric phosphate,'' which apparenlty consists of ferric 
phosphate with sodium citrate, as a single salt. He states that tliis 
salt combination possesses the advantage of solubility to a high degree 
and introduces no difficulties in the preparation of the solutions but 
may render their composition somewffiat less definite. 

The plants used as indicators consisted of spring wheat of the Marquis 
variety. The seeds were germinated on a germinating net like that used 
by Shive (15). All the seedlings used were carefully selected for uni¬ 
formity of size and general appearance, as to health and vigor and were 
transferred to 'the culture solutions when about 5 cm. tall. Three 
seedlings were comprised in each culture. The seedlings were mounted 
in the double-piece paraffined cork stoppers as devised by Tottingham 
(r^). These were of the proper size to fit the quart fruit jars which 
were used as containers. To exclude light from the roots and to pre¬ 
vent heat absorption when the cultures were exposed to sunlight the 
containers were covered with cylindrical shells black within and light 
in color on the outside like those described by Shive (15). 

'The solutions were renewed regularly at intervals of 3X 'to 4 clays. 
At 'the time of each renewal of the solutions tests of the hydrogen-ion 
^wmmtxation of each of the old solutions was made by the colorimetric 
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method, using the standard buffer mixtures and indicators recom¬ 
mended by Clark and hubs (j), and these concentrations were recorded 
in terms of Ph values. 

The plants were grown in the culture solutions during a period of 
five weeks. At the end of the growth periods of the different experi¬ 
ments the dry weights of tops and roots of each culture were obtained 
separately by the usual method. 

In order to obtain information regarding the nonsolution environment 
of the plants daily records were kept, in so far as this was possible, of 
the measurements characterizing the aerial conditions. These data 
are briefly summarized in Table II, and in this form they provide some 
fragmentary evidence as to the sort of aerial conditions which prevailed 
in the greenhouse during the several experimental periods. 


Table II .—Maximum and minimum temperatures, average daily water loss by evapora¬ 
tion from standard white and black spherical atmomeierSi and character of days for the 
different experiment periods 


Ex¬ 

peri¬ 

ment 

No. 

Bsperimental 

period. 

Air tem¬ 
perature. 

Average daily 
evaporation. 

Radio evapora¬ 
tion.® 

Number of days. 

.3 

1 

n 

1 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Average. 

Maximum. 

Minimum, 

I 

Clear. 

Partly cloudy. 

Cloudy. 




*C. 

®C. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 




I. 

Jan. 19 

Feb. 28 

32*0 

6. 0 

23-7 

IS -4 

17-s 

2.S 

2. 2 

2. 7 

X 4 

12 

IS 

11.... 

Mar. 12 

Apr. 17 

35 -S 

7. 0 

23*3 

12.4 

18.9 

4-4 

X. I 

2*5 

19 

7 

11 


« The values given for radio evaporation represent the average daily esccess of water loss from standard 
black spherical atmometer over that from the white. 


EXPERIMENTAL RESULTS 

For the sake of convenience in presenting the data, the two series 
of cultures here considered in^ connection wfith each experiment will 
be designated the Tottingham series (A) and the ammonium-sulphate 
series (B). It has already been stated that the two series as usedrin 
tlie different experiments are alike in every respect except that ammonium 
sulphate in equivalent osmotic concentrations vras substituted in the 
solutions of tlie latter for the potassium nitrate in the former. 

In Table III are given the dry-weight yields of tops and of roots for 
the cultures of the two experiments considered. All yield values are 
expressed in terms of the value of the first culture (TiRiCi) in the respec¬ 
tive series considered as unity. The absolute yield value of this culture 
in grams is given just below the relative value 1,00 in each case. Since 
the high yields are always of greater interest than are the medium or low 
yields, the relative dry weights of tops and of roots from the six high- 
yielding cultures in each series' are given in the table in bold-face type. 
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^XPBRIMBNt L FERRIC PHOSPHATE AS THE SOURCE OF IRON IN THE 

SOLUTIONS OF SERIES A AND OF SERIES B 

Tlie importance of the proper amounts and forms of iron to be used 
with a given nutrient solution in order that the plants may be adequately 
supplied with this element' for normal growth can scarcely be over¬ 
estimated. As has been shown by Gile and Carrero (6) and pointed out 
also by Hoagland (lo), the presence in culture solutions of sufficient 
available iron for the development of green plants depends largely upon 
the form and amount of the iron salt used, upon the reaction and con¬ 
centration of the nutrient solution in which it is used, and upon the 
time of standing. It should be added also that the different species 
vary considerably in their requirements for this element and in their 
ability to obtain it from nutrient solutions, as has been clearly brought 
out in preliminary experiments in connection with this study, 

Tab^E ni *—Reiaiim dry-weight yields of wheat tops atid roots from. Toitingham^s series 
(A) and from the ammonium-sulphate series (B) with equimknt amounts of iron sup¬ 
plied io each culture in the form of ferric phosphate or ferrous sulphate o 


Ezpeiimeat I, source of iron FePO^. 


Culture No. 


Series A. 


Tops. 


Roots. 


Series B. 


Tops. 


Roots. 


Experimeat II, source of iron FeSO^. 


Series A. 


Tops. 


Roots. 


Series B. 


Tops. 


Roots. 


TtRiCr. 


Cs. 

CS. 

C7. 

RsCr. 

C3. 

Cs.. 

R5C1,.. 

C3. 

R7C1. 

TsRiCr. 

C3. 

aac?;:;::;::::; 

a5&:::;;:;;;:: 

TsRxCi. 

C3. 

R3C1. 

TyRxCi.. 

Soive’'s RsCs.. 

Tottlugliaia’s T3RXC4! 


Gwf. 

1.00 

(• 7352) I 

r* 3 S 

X.32 

.72 

.92 

•94 

-79 

.82 

.65 

i’ll 

1.40 

I. SO 

l, 4 g 
i.ao 
1.18 

i.m 

IM 

1.6» 

1.73 

1.6s 


Gm. 

1.00 

1.03 

.91 
1. ri 
2.37 
.96 
.86 
.96 

1.23 

1.47 
1.87 
1.77 
X.42 
1.16 

m 

1.72 

1.87 

2*09 

2-33 


1.00 

2.05 
1.10 
1-26 

2.50 
1.72 

.98 

•1.22 

.96 

1.40 

1.68 

i.iS 

1.50 
1.49 

m 

I-13 
1.42 
1-13 


Gwt. 

2.00 

(.2609) 

2.41 
2.80 

1 - 53 
I. II 

i;M 

.92 

X.23 

1.45 

1.80 

2.22 

1.42 
1.72 

2 - 57 
2.27 • 

I.IS 

1.04 

1.42 

1*34 


Gw. 
1.00 

2.61 

1 - 39 
2.04 
8.26 
2.47 

2 - 55 
3.83 
2.42 
i-8s 


8.15 

2- 17 
3.24 
3.37 

1.81 
2.00 
2.96 

3- 39 
2.49 


Gw. 
1.00 

2.6s 
1,79 

2.98 

3.88 
3 .12 

2.89 

1.63 

1*47 

3.26 

3.02 

1.63 
2.20 
3 - 77 
1-93 
2.00 
2.00 
2. 85 
1.84 
3-39 


Gw. 
1.00 
9016) 
•9S 
.96 
74 
74 
Sr 
57 

65 i 
61 
69 
16 , 
09 

a 

76 


Gm. 

1.00 

i^.or^ 

1.04 

.90 

.84 

.87 

-ss 
• 65 

-S8 
. 70 
1.16 
1.10 
•54 

.95 

.76 

ilU 

•97 

•74 

-95 


o Bata from the six high-yielding cultures are given in bold-face type. 


Iron salts are, of course, more soluble in solutions of higher hydrogen- 
ion concentration than they are in solutions 'with lower concentrations 
of the hydrogen ions; but' as Hoagland (ro) has pointed out, certain 
'forms of iron may be completely precipitated in a relatively short time 
when the total phosphate content of the solution is high. ^ It appears, 
howey^, that the insoluble ferric phosphate used in the nutrient solu¬ 
tions hare, considered'may be made available to, the plants under certain 
conditiohs,, aS'mil 'be brought out by a'study of the data pres'ented in 
connesGtion 'with th^e experiments,, ■ ' ' 
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In tlie first experiment eacli culture solution of the two series used 
was supplied with 0.83 mgtn. of iron per liter of nutrient solution in 
the form of an aqueous suspension of ferric phosphate. This amount 
of iron was added to each culture jar at the time the solutions were 
renewed. 

GnNSjRAI, APPEARANCE) OP THE PLANTS 

At the beginning of the third week of the growth period the plants in 
some of the cultures of the Tottingham series began to show the yellow 
appearance which is characteristic of plants suffering from lack of iron. 
This chlorotic condition later became general throughout the series. 
The yellowing of the leaves was usually more pronounced in the cultures 
having salt proportions which were unfavorable for good growth and 
in which the plants were smaller as a result of this unbalanced condition 
of the solutions. In general, however, there was good agreement in the 
appearance of the three plants in any one culture. That the chlorotic 
condition of the plants in this series was caused by the lack of available 
iron was made clear by the use of supplementary cultures to which iron 
in the form of ferrous sulphate was added in amounts equivalent to 
those contained in the ferric phosphate supplied to each culture. The 
chlorotic plants in these cultures invariably regained the normal green 
color of healthy plants in the course of a few days after the soluble iron 
was added. At the eiid of the growth period the plants in most of the 
cultures of the Tottingham series were very chlorotic and not nearly so 
large as were the plants in the corresponding cultures of tlie ammonium- 
sulphate series, these differences in size being paralleled by similar 
differences in the dry-weight yields, as an inspection of the data in Table 
III will show. The plants in the cultures of the ammonium-sulphate 
series, on the other hand, were very green; and in so far as could be 
judged from their general appearance they were vigorous and healthy, 
with the exception of the plants in several cultures which were not quite 
so green in color but otherwise appeared to be in good condition. The 
slight yellowness in the plants of these few cultures was of a different 
nature from that which occurred in the plants of the Tottingham series. 
There were, of course, large differences in the size of the plants of ^the 
different cultures resulting from the differences in salt proportions 
throughout the series. There was, however, no evidence of the lack 
of chlorophyll in the leaves, such as characterized the plants of the 
Tottingham series. 

INFTIIENCE OF THE GROWING PEANTS ON THE HYDROGEN-ION 
CONCENTRATION OF THE SOLUTIONS 

It is, of course, well known that plants tend to change the reaction of " 
culture solutions in which they are grown. A large number of supple¬ 
mentary tests made in connection with this work have brought out the 
fact that the rate'of this change in a culture solution, is dependentnpon 
a number of different factors, some of the more important of which 



7oS 


Journal of Agricultural Research 


Vol. XXI, No. 10 


the total concexitration of the solution, the relative proportions of the 
salt constituents, the total quantity of solution .per plant, the age of 
the plants, and the condition of their aerial environment. From obser¬ 
vations made during the present study the last-named factor appears 
to have considerable influence in determining the rate of change of the 
hydrogen-ion concentration of the culture solutions here used. 

As pre\dously stated, the hydrogen-ion concentrations of the culture 
solutions were determined at the end of the growth intervals between 
each two successive solution renewals throughout the entire growth 
period. In Table IV are presented the summarized data of these deter¬ 
minations in terms of Ph values. Thus, in the table are given the initial 
Ph values of the culture solutions, the highest and the lowest values 
obtained, and the average of all the values for each solution of the two 
series. Four days previous to harvesting the different cultures were 
compared with respect to yello^vness of the leaves. The comparisons 
ivere made and values "were obtained by means of the relative score 
method described by Free (4) for recording unmeasured plant charac¬ 
ters. To facilitate comparisons, the results of this score are given in 
Table IV in connection with the hydrogen-ion exponents, the lowest 
score value for any culture of the two series being considered as unity. 

Tabl^TI'*— ^' 3 . and score for yellowness of leaves of the culture solutions of the 

Totiinglmm series (. 4 ) and the ammonium-sulphate series (B) supplied with iron in the 
form of ferric phosphate 


1 


Tottijigliam series (A). 


Amtnonimn-sulphate series (B). 


Culture No. 

Score 

Ph values. 


yellow¬ 

ness. 

Ini¬ 

tial. 

High¬ 

est. 

Low¬ 

est. 

Aver¬ 

age. 

TiPiCi... 


4 .S 

6.0 

6.2 

■ 6 . 7 


5-47 

Cl . 



C5.'. 


4 -S 
4. S 

5 * 2 

5*67 
S' 70 
S' 46 
5-55 

C7,.. 


5.8 

5*0 

R3C1 . 


4 *' 3 
4 ’ 3 

C3. 



5 * ^ 

C’^. . 


6.0 


S' ox 

R5C1 . 

Ca...... 

R7C1.. 

tsRiCs. .i 

C3.'.i 

'Cs...'.: 

R2C1 . - 

C3.! 

R5C1. i 

TsXxCi.i 

C3. 

R.iCi . 

7. S 

, 6.6 

L ' 4 - 3 ! 

i 4*3 i 

! 4 - 3 : 

: 7.6 1 

! 4*3 

' 4-4 

4-9 

4.8 

4.9 

4.6 

1 4. 7 

' 4.3 . 

1 4-3 

' 4 * 8 ; 

1 4‘8 i 

1 4‘6 : 

4 " 7 

1 .q. ^ 

5.9 
6.0 
6. 0 
S -9 
5-9 
5-9 
S '9 
6.0 ' 
5 ' 9 \ 
5 -S 
S -9 

' S-2 
S-o 
S-2 
S' 5 
4-3 
4-3 

4 - 9 

5 - 0 

4 - 3 

5- x 

1 4.9 

1 4-7 

i' 4 -S 

4-8 

s* ss 

5 ‘ 57 
5. 60 

s- 71 

S -33 
5 - 39 
5 - 33 
5-39 
5' 40 
S -49 

1 S -24 

1 5-32 

.5-36 

5-32 

4. 96 

T7R1C1. 

SWve’s— 

PsCa.,. 

4*4 

4-6 

6 

S‘ 9 
S '9 

'TottittRliam's— 
laRjC/,.............. 



5‘ 0 

4.6 i 

.6 i 



4. 0 

! 

5-4 t 
i 

4. b 1 

4-94 

! 


Score 

for 

yellow¬ 

ness. 


0.0 
. 0 
.0 
2.0 
. o 


1.9 

1. o 

2. O 
. O 

. o 


. o 
. o 
. o 
. o 
. o 
I.S 


Ph values. 


Ini¬ 

tial. 

High¬ 

est. 

Low¬ 

est, 

Aver¬ 

age. 

4.8 

S -1 

4-4 

4.68 

4 -S 

S -4 

4-2 

4 - 75 

4.9 

S -9 

4« 2 

■ 4 - % 

4-9 

6. 0 

4-4 

S- xo 

4.9 

S- 8 

4.2 

4 - 76 

4-9 

6.0 

4 - 1 

4 -' 75 

4-9 

5.0 

4. 1 

4*39 

4-9 

S' 6 

4 - X 

4. 6a 

4.9 

S' 1 

4- r 

4 - S 3 

4.9 

S '9 

4.0 

4-59 

4.6 

5 - 6 

4. 2 

4. 70 

4.6 

5-2 

4.4 

4. 69 

4. 8 

S-8 1 

4 - 6 

4 * 89 

4 - 7 

5-2 

4 - X 

4 - 50 

4-8 

4 - 9 

4- I 

4 - 47 

4. S i 

S' 7 

4. I i 

4. 72 

4.6 

5 - 7 

4 - 4 

4. 84 

4-6 

5- 6 

4 - 2 

4. 72 

4-6 

S- S 

: 4 - X 

i 4.66 

4-6 

! S -4 

4-4 

4 - 70 


The data of Table IV show that the hydrogen-ion concentrations of 
the culture solutions of the Tottingham series were always considerably 
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decreased during any growth intervai. The culture solutions of' the 
ammonium-sulphate series, on the other hand, usually increased some¬ 
what in hydrogen-ion concentrations. The average Ph values of the 
culture solutions of this series do not vary greatly from the initial values. 
For most of the solutions these average values were slightly lower and 
a few were slightly higher than were the initial Ph values of the solutions. 

To bring out more clearly the magnitude and the direction of the 
change in reaction of the culture solutions during the different intervals 
throughout the growth period, detailed hydrogen-ion concentration 
data for the culture solutions producing the highest, medium, and 
lowest yields in each of the series are given in Table V. From the data 
of this table and those of Table IV it can be definitely stated that the 
effect of the growing plants was always to decrease ,the hydrogen-ion 
concentration of the culture solutions of the Tottingham series and to 
increase the concentration of the hydrogen ions of the solutions of the 
ammonium-sulphate series, or, at least, to maintain' the initial concen¬ 
trations of these ions during 'the first four weeks of the growth period. 


TabliS V.—Ph values of the culture sokdions of the Tottingham series (A) and the 
an:monium-$ulp}iate series (B) producing highest, medium, and lowest yields with iron 
supplied in the form offerric phosphate ^ 



Tottingham series (A) producing — 

Ammoniun 

a-sulphate 

producing— 

series (B) 

Dates of solution renewals 
and growth intervals. 

Highest 

jdeld 

(T7R1C1). 

Medium 

yield 

(T3R1CS). 

Lowest 

yield 

(TiRsCs). 

Highest 

yield 

(TxRiCs). 

]\Iedium 

yield 

(T3R3C3). 

! 

Lowest 

yield 

(TiR7Cr). 

1919. 







Aug. 22. 

4.6 

4 .S 

4 -S 

4.9 

4.6 

4.9 

26. 

4.8 

4.9 

5.2 

4.9 

4.8 

4-5 

29. 

4.9 

5*0 

5*4 

5.0 

4.8 

4.8 

Sept. 2. 

5.0 

5.1 

5*4 

4.8 

4.6 

4.4 

5 . 

5*1 

5 *^ 

' 5*3 

4.6 

4.6 

4.4 

.. 

5-4 

5*4 

5*5 

4.2 

4-7 

4.1 

12. 

5-3 

! 5*3 

5*5 : 

4.6 

4*6 

4.2 

16. 

5-7 

i 5-6 

5*9 

4-4 

4.6 

4.1 

^9 . 

5*5 

5*6 

5.8 

4-2 1 

4-4 

4.0 

23. 

S -9 

5*9 

6.0 

5-9 1 

5.2 

5 - 9 ' 

27 . 

S.6 

5*4 

6.0 

5*9 i 

4.6 

5*5 

Average . 

5*32 

5*33 

5*6o ; 

1 ' 

4-85 

4.69 

4* 59 


» The first number in each column represents the initial Ph value of the solution. 


The exact manner in which the hydrogen-ion concentrations of the 
nutrient solutions axe altered by the growing plants has not yet been 
clearly demonstrated. Hoagland (8) has suggested that the change in 
reaction must be the result of the secretion of neutralizing substances by 
the plants, of chemical reaction with the material of the roots, or 'of the 
selective absorption of specific ions. As a result of extensive studies of 
absorption of ions by plants, Pantanelli (rj) ascribes the change in re-' 
reaction of the nutrient media mainly'to the differential absorption of' 
the ions by the living'plant roots. 
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It appears that the type of the culture solution as detetmined by the 
nature of ion constituents is in a large measure responsible for the direction 
of the change in reaction produced by the growing plants. Hoagland 
(lo) in a recent publication has emphasized the point that a nutrient 
solution is an exceedingly complex system and that it does not appear 
possible at the present time to determine quantitatively the ions and 
undissociated salts which it may contain during or after the growth of 
plants in it, much less does it appear possible to determine the exact 
relationship existing between the different components of such a complex 
system. In an earlier publication (<^) the last-named author came to the 
conclusion that plants may regulate the reaction of the nutrient medium 
in such a WQ.y that excessive hydrogen or hydroxyl ions can not occur. 

In later work (9) he 
found that barley 
plants grov^Ti for seven 
weeks in a favorable 
nutrient solution when 
transferred to single 
salt solutions of va¬ 
rious salts did not 
bring about an un¬ 
favorable condition of 
acidity or alkalinity. 
In this work, however, 
he noted that ammo- 
nitim-chlorid solutions 
retained an acid reac¬ 
tion and tlie hydrogen- 
ion concentration was 
slightly increased after 
contact with the 
plants. Toole and 
Totting-hani (17), 
working with Knop’s solution, call attention to the fact that growing" 
barley seedlings always had a marked neutralizing effect upon' the 
medium. It is of interest here to note that plants grown in the Shive's 
(15) 3-saIt solution always show a marked tendency to decrease the 
hydrogen-ion concentrations, but when ammonium sulphate, even in 
relatively small amounts, is superimposed upon this solution the direction, 
of the ichaage in reaction is reversed, just as it is when this salt is substi- 
^ tuted for potassium nitrate in the Tottingham solutions. This is true of 
plants during at least the first four weeks of growth, 

V' Inspection of the data in Table IV brings out 'the fact that the initial 
values'of, the corresponding, solutions of the two' series 'are approxi- 
matdly :;the same*; ,The averages of the.revalues determined at^the end 
of the'various growth intervals are, however, always much higher for the 



1i?-llllllllS113SS633676 
K-7X15563S5ilS13Slllll 
C-153SS2 53 11733X115311 

riG. I.— Graphs of Ph values of culture solutions after contact with 
plant roots during gro'tt’th iiiter\’'al between solution renewals; aver¬ 
ages of tests during: gro'svth period of experiment I. Also diagram 
of score values for yellowness. Broad and narrow vertical lines 
represent score for plants of Tottingham series and ammonium- 
sulphate series, respectively. 
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culture solutions of the Tottingliam series than they are for the corre- 
sponding ones of the ammonium-sulphate series. This is brought out 
more clearly by the graphs of figure i, which represent the average Ph 
values plotted in the descending order of their magnitudes in the Totting- 
ham series. The relative values of the score for yellowness for the cul¬ 
tures of the Tottingham series and of the ammonium-sulphate series are 
represented graphically by broad and narrow vertical lines, respectively. 
Just below the graphs representing the average Pjj values. 

Comparing now the score for yellowness of leaves with the average P^ 
values obtained at the end of the growth intervals, it will be observed 
that the higher P^ values throughout the Tottingham series correspond 
in a general way to high relative score values for yellowness in this series. 
The Ph values throughout the'series decrease slightly with increase in the 
phosphate content of the solutions, and these slight differences are gen¬ 
erally paralleled by somewhat more pronounced differences in the rela¬ 
tive values of the score for yellowness. 

In the cultures of the ammonium-sulphate series the plants were 
entirely free from any chlorotic condition such as characterized the plants 
in the Tottingham series the culture solutions of which had much higher 
average Pg values. This is also apparent from the color score, which, 
however, shows a slight degree of yellowness for the plants of several 
cultures only of the ammonium-sulphate series to which reference has 
previously been made. 

Attention has already been called to the fact that the chlorotic con¬ 
dition of the plants in the Tottingham series was due to an insufficient 
supply of available iron, since the addition of soluble iron to the solutions 
of such cultures enabled the plants to regain their normal green color 
and to overcome completely the chlorotic condition in the course of a few 
days. There was no evidence, however, of the lack of available iron in 
the culture solutions of the ammonium-sulphate series. Thus, by the 
substitution of ammonium sulphate for potassium nitrate in the Totting- 
liam solutions, the feme phosphate here used as a source of iron for the 
plants was rendered available perhaps by the maintenance of a Iiigher 
average concentration of the hydrogen ions during the growth of the 
plants in the solutions, since the solubility of iron is, of course, greater 
in solutions of higher hydrogen ion concentrations. 

URY-WniGHT YIELDS OF TOPS AND ROOTS 

The relative dry-weight yields of tops and of roots from the cultures 
of the two series here considered are given in Table III. - The absolute 
dry-weight yield values corresponding to these relative data have been 
- 'plotted to form the graphs of figures 2 and 3, in which the ordinates 
represent dry weights in grams and the abscissas represent the different 
cultures. The values are always plotted according to the descending 
order of their magnitudes in the Tottingham series. 
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The graphs of figure 2 show at once that the yields of tops from the 
cultures of the amniotiium-siilphate series are much superior to the yields 
from the corresponding cultures of the Tottiiigham series. In general 
this is true also with respect to the yields of roots from the two series as 
is indicated by the graphs of figure 3. However, the root yields from 
three cultures of the ammonium-sulphate series are actually lower than 
are the yields from the corresponding cultures of the Tottingham series. 
The superiority of the yields from the ammonium-sulphate series is 
clearly not due to a greater efficiency of the four main salt constituents 
or combinations of the solutions of the series but is the direct result of 
the difference in tlie availability of the iron in tlie form, here used in the 

solutions of the two 
series during the first 
five weeks of growth. 

In the Tottingham 
series the growth 'of 
the plants was greatly 
retarded' after the 
third week of growth 
by a deficiency in the 
supply of available 
iron, while no such 
deficiency of iron was 
at any time apparent 
in the culture solu¬ 
tions of the ammo¬ 
nium-sulphate series. 
The nature of the nu¬ 
trient solutions with 
respect to their salt 
constituents and hydrogen-ion concentration here appears to determine 
the availability and the efficiency of the ferric phosphate as a source of 
iron for the plants. In connection with this study the wor'k of Wolkoff 
(21) is of interest. In a sand culture procedure with soybeans this 
author used the same series of nutrient solutions employed in the pres¬ 
ent study, but the solutions had an osmotic concentration value of 2.5 
atmospheres and iron was supplied in the form of iron rust. ^ A marked 
superiority of the yields from the culture containing ammonium sul¬ 
phate' over those from the Tottingham solutions was shown, but the 
author states that the most pronounced differences in the plants from 
the two series of cultures were those of color, ■ the plants from tlie cul¬ 
tures containing ammonium sulphate always being much greener than 
those, from the Tottingham series- 



T - 75S33 511533311111111 

H - 13131111131613353715 
C . 11113135536113115173 

Fig. 3.— Graplas of actual yield vaules of wheat tops for the Tottingham 
series and the amiuouiiim-sulphate series of Experiment L 
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BXP^RIMBNX II. mB.'ROJJS SUI^PHATE AS THE SOURCE OR IRON IN' TSS 

SOLUTIONS OF SERIES A ANB SERIES B 

The solution cultures used in the two series of this experiment were 
the same as those of the preceding experiment except that soluble 
ferrous sulphate was used as the source of iron for the plants instead of 
the insoluble ferric phosphate used in experiment I. As before 0.83 mgtn. 
of iron per liter of nutrient solution was supplied to each culture jar at 
the time when the solutions were renewed. The ferrous sulphate was 
added in tlie form, of an aqueous solution which was alwmys freshly 
prepared just before being used. The treatment of the plants before 
and during the growth period, the renewal of the solutions, and the 
general culture methods were carried out in the same manner as were 
those in the preceding experiment. 

GFXERAr APPBARANCS OR THE PLANTS 

During the first two weeks of the growth period there was no marked 
difference in the general appearance of the'plants in'the two series. The 
plants in the Totting- 
ham series as a whole 
presented perhaps a 
slightly better appear¬ 
ance and showed a 
somewhat sturdier 
growth than did the 
plants in the ammo¬ 
nium - sulphate series. 

After 20 days the plants 
in some of the cultures 
of the ammonium- 
sulphate series showed 
a tendency to become 
weakened; the leaves drooped, presenting angles instead of curves at^ 
the weakened points, ' and the growth rates were greatly retarded. 
Later this condition became general throughout the series and increased 
in intensity as the plants grew older, giving them a very dull, unhealthy 
appearance. In a few cultures of this series another symptom of physio¬ 
logical disturbance appeared in the form of narrow white stripes in the 
leaves, 'This condition w’as quite unlike the chlorotic appearance of the 
leaves of plants suffering from lack of iron. 

The plants of the ammonium-sulphate series here presented a sharp 
contrast to those of the Tottingham series in which no toxic symptoms 
occurred' at any time during the growth period. The plants in the latter 
series were at all times,dark green in' color and appeared vigorous and 
healthy, making rapid growth. ' There were, of course, large differences 
50937°—21-2 
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Fig. 3 .—Graphs of actual yield values of wh»t roots for the Tottingham 
series and the aramoniuin-sulphate series of experiment I. 
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in tlie size of tlie plants of the different cultures in this series as a result 
of variations in the salt proportions of the culture solutionSj as the dry 
weights in Table III will show. . Thus, by the use of the soluble ferrous 
sulphate in small quantities, instead of the insoluble ferric phosphate 
used in the solutions of the preceding experiment, the general health 
and vigor of the plants in the Tottingham series was very greatly im¬ 
proved, while the opposite effect was experienced by the plants in the 
cultures of the ammonium-sulphate series* 


intwiencb of thb plants upon thb hydrogen-ion concentration of the media 


The summarized data of the hydrogen-ion concentration determina¬ 
tions of this experiment are given in Table VI in terms of Ph values. 
The data of this table correspond in every respect to the similar data of 
Table IV. From the data of Table VI it is again evident that the 
growing plants in the Tottingham series showed a marked tendency to 
change the reaction of the solutions toward neutrality, while the direction 



of this change in reac¬ 
tion was reversed by 
the growing plants in 
the solutions of the 
ammonium- sul phate 
series. In the latter 
series the average of 
the Ph values obtained 
at the end of the sev¬ 
eral growth intervals 


RtG. 4.—Graphs of Pk values of culture solutions after contact with WaS' lower fOF CECh CUl- 


plaut roots during growth interval between solution renewals; turC SOlutloH thtOUSh- 
averages of tests during growth period of experiment II. , . . 

out the entire senes 


than was the corresponding initial Ph value, although the increase in 
the hydrogen-ion concentration was not very great in any case. 

The averages of tlie Ph values determined at, the end of the various 
growth intervals are always much higher for the cultures of the Totting- 
ham series than they are for the corresponding cultures of the ammonium- 
sulphate series. .This is clearly brought out by the graphs of figure 4. 
A direct comparison of these,graphs with the corresponding ones of the 
preceding experiment (fig. i) shows that tlie two sets of graphs are gen¬ 
erally in good agreement. , This, indicates that the influence of the. 
growing plants upon the reaction of the culture solutions here used was 
practically the same when the iron was .supplied, in the form of the 
insoluble ferric phosphate or in the form' of the^ soluble ferrous sulphate. 

The detailed hydrogen-ion concentration data for the culture solutions 
producing highest, medium, .and lowest 3field given in Table VII' show 
in a general way .the direction and the, magnitude of the change in 
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reaction in tliese solutions produced by the plants during the various 
intervals throughout the grovvth period. The data of this table, which 
agree in a general way with the corresponding data of Table V, are 
fairly representative of similar data for all the cultures of the respective 
series in this experiment. They further emphasize the point already 
brought out, that the different forms of iron here used have little if any 
effect upon the plants mth respect to their influence upon the hydrogen- 
ion concentration of the nutrient media, except in so far as differences 
in size and vigor of the plants or differences in the extent of the absorbing 
surfaces of the root systems may produce somewhat corresponding 
differences in the magnitudes of the changes in reaction. On the other 
hand, the different forms of iron used in either of the two types of solu¬ 
tions here used produced markedly different effects upon the general 
appearance, health, and vigor of the plants and upon the growth rates, 
as will be more fully brought out by a further consideration of the dry- 
weight yields of tops and roots. 

Tab^^ VI.-~Ph values of ihe culture solutions of ike Tottingham series (.4) and ike 
ammonium-sulphate series (B) supplied with iron in the form of ferrous sulphate 


Tottingham series (A). 


Ammonium-sulphate series (B). 


Culture No. 

I Ini- 
1 tial. 

High¬ 

est. 

low¬ 

est. 

Avei 

age. 

Ini¬ 

tial. 

High¬ 

est. 

Low¬ 

est. 

Aver¬ 

age. 

TxRiCi. 

4.8 

6, 0 

4 8 

5- 42 

4 8 

47 

1 44 

4 59 

^3 . 

4.8 

6.6 

5-0 

5* 97 

4. 8 

5* 0 

I 4 S ‘ 

474 

Cs .. 

4- 8 

6.6 

S-o 

S- 96 

48 

4 7 

I 44 i 

4 60 

^7. 

4* 8 

6*3 

49 

5- 65 

4 9 

48 

i 4 4 ‘ 

463 

^3^1 . 

4.8 

t'l 

49 

S -72 1 

4 8 

4 9 ^ 

1 4* 4 

4 53 

^3 . .. 

48 

6. 6 

5-0 

6.03 : 

49 

4* 6 

4 4 

4 - S 3 

^5. 

4-8 

6.6 

S-o 

5-96 

48 

47 

■ 4 4 

4 60 

RsCi.! 

4- 8 

1 6.6 

49 

S- 98 

49 

47 

4 4 

4 61 

^'3. * .* 

4.8 

1 6.6 

49 

6.03 

4 9 

48 

44 

4 59 

R7C1 . 

4.8 

j 6.6 

5-0 ; 

5-96 

4. 9 

S-X 

44 

4 7x 

T3R1C1.i 

4.7 i 

S-9 

4.6 i 

1 5-33 

4 7 1 

47 

4 4 

; 4 55 

C3.. .. 1 

4. 0 

6.3 

4.6 : 

5- 59 

47 1 

47 

44 

1 436 

. 

4-7 

6. 0 

4 7 

5.4S 

4 7 ! 

47 

43 

- 4 55 

R3C1 . 

4-7 

6.3 

47 

5. 60 

47 1 

4 7 

4 4 

4 53' 

^3 .*. 

4.7 

1 6.3 

4 <5 

5* 54 

4*. 7 i 

46 

44 

: 4 54 

RsCi ... 

4-7 

I 6.5 

49 

5* 81 

4 7 ; 

4 6 

4 4 

; 4 54 

T5R1C1..... 

4. 6 j 

5-9 

4 S 

5. 28 

4 7 

4 ^ 

4 4 

: 4 54 

^3 ... 

4.6 1 

i. 5-8 

4 6 

5-32 . 

4. 6 

4 7 

4 4 

4 5 ^ 

R3CX . 

4.7 

6, 2 

4. 6 i 

5 - 50 

^ 46 

4 6 

4 4 

: 4 54 

T7R1C1 . 

4. 6 

5*9 

4 5 : 

5- 37 

4 6 

47 

4. 4 

; 4 56 

Shivers R5C2 .'. 

4. 6 


1 4 6 ‘ 

K, 00' 





Tottingham's T3R1C4 . 

4. 6 

5*5 

I 46 1 

1 i 

K. 06 







. 

1 
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Tabi,S VIII.—Ph values of the culture solutions of the Tottingkam series (^ 4 ) midjke 
mmnonhiM-sulpkate series (B) producing highest, 'medium, and lowest yields with iron 
supplied in the form of ferrous sulphate ^ 


Dates of solution renewals and 
growth intervals. 

Tottingham series (A) producing— 

Ammonium-sulphate series (B) 
producing— 

Highest 

^ield 

(T1R3C3). 

Medium 

yield 

(T3R3C3). 

lowest 

yield 

(TiRiCi). 

Highest 

yield 

(TsRiCi). 

Medium 

yield 

(T3R3C1). 

Lowest 

yield 

(T1R3C5). 

1920. 

Mar. 12. 

4.8 

4.7 

4.8 

4.7 

4.7 

4.8 

16. 

5*0 

4.6 

4 .S 

4.4 

4.4 

4.6 

m. 

5*3 

4-9 

5*1 

4-0 

4*4 

4 -S 

23*. 

5 *^ 

S-2 

5*2 

4-5 

4*5 

4*5 

26. .. .. 

5-9 

5*3 

5*3 

4.4 

4-4 

4.4 

30. 

6*3 

5-6 

5*5 

4.6 

4*5 

4.7 

Apr. 2. 

6.3 

5*7 

5*4 

i 4*6 

4*7 

4.6 

fi 

6.3 

5-6 

5*3 

! 4 - 6 

4.6 

4*7 

9 . 

6.5 

S -9 

5*7 

! 4.6 

4.6 

4.6 

13. 

6.6 

6.3 

5*9 

4.6 

1 4,6 

4.7 

17. 

6.5 

6.3 

6.0 

4.6 

4.6 

4.7 

Average... 

; 6.03 

! 

^ 5*54 

i 5.42 

4-54 

4*53 

4.60 


£« The first number in each column represents the initial Ph value of the solution. 


DRY WEIGHTS OF TOPS AND ROOTS 

Tlie'relative yield values for the cultures of the two series of this exper¬ 
iment are given in Table III in connection with the relative dry-weight 

yields from the cul¬ 
tures of the preceding 
experiment. ' The ab¬ 
solute dry weights of 
tops and roots were 
plotted to form the 
graphs of figures 5 
and 6, respectively. 
These graphs were 
prepared in the,same 
manner as those rep¬ 
resenting the dry- 
weight yields in figures 
2 and 3. From the 
graphs of figures 5 
and 6 it will be ob¬ 
served that the 3?ields' 
of both tops and roots from the cultures of the Tottingham series were' 
always much superior to those from the corresponding cultures of the 
ammonium-sulphate series, in which only a single culture gave a dry- 
weight .yield of tops which was higher than the lowest yield of tops in 
the Tottingham series. In the ammonium-sulphate series all the root 
yields were'lower■ than the lowest yield in the Tottingham series. 
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Reg. s- —Graplas of actual yield values of wheat tops for the Tottiug- 
ham series and the ammouiitm-sulphate series of cscperimenit II. 
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Comparing now the graphs of figure 5 with those representing the dry- 
weight yields of tops from the two series of the preceding experiment 
(fig, 2) , it will be observed that the relative positions of the graphs rep¬ 
resenting corresponding series of the two experiments are completely 
reversed, ThuSj in experiment I (fig. 2) the graphs representing top 
yields from the cultures of the Tottinghani series, throughout its entire 
length, lies much below the graph representing these yields from the 
ammonium-sulphate series, while the corresponding graphs in experi¬ 
ment II (fig, 5) occup3' exactly opposite positions. A similar compari¬ 
son of the two sets of graphs representing the dry-weight yields of roots 
from the two series in each experiment (fig. 3, 6) shows that these 
graphs have the same sort of arrangement as the graphs representing 
the dry weight of tops. It should be noted, however, that the differ¬ 
ences between the yield values of tops, and especially of roots, from cor¬ 
responding cultures of 
the two series, as indi¬ 
cated by the pairs of 
graphs representing the 
yields in question, are 
always much less pro¬ 
nounced in experiment 
I than they are in ex¬ 
periment II. 

The small amounts 
of iron used here with 
each culture (0,83 mgm. 
per liter of solution) 
appeared to be suffi¬ 
cient to prevent chlo¬ 
rotic effects m.' the 
plants of the Totting- 
ham series and to 
provide them with the necessary supply of this element' for normal 
growth; and, as already stated, the plants of this series were in 
excellent condition during the entire growth period and produced very 
high yields. In the solutions of the ammonium-sulphate series, on the 
other hand, the soluble iron in the small quantities used with each 
culture was very toxic to the plants, which were greatly retarded in their 
grow'th rates and produced very low yields. That this condition of ^ the 
plants was directly related to the form of iron supplied is clear from the 
fact that in the preceding experiment these same culture solutions pro¬ 
vided with iron, in equivalent amounts, in the form of the insoluble 
ferric phosphate, produced healthy, vigorous plants and high yields. 

In order to test the effect of varying amounts of iron in the fottn of 
the soluble ferrous sulphate upon'the growth of wheat plants jn the two 
types of culture solutions used here, a special experiment'was'^c^^; 



^-13511175131666X51311 
E-’31161315136'1311S71,3'1 
C-53613311531311711111 
Fig, 6.—Graplis of actual yield values of wheat roots Cor the Totticg- 
Iiam series and the ammonium-sulphate series of espeximmt II, 
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ottt. This comprised two series of lo culttires each. Throughout each 
series the same solutions were used for all the cultures, these solutions 
differing only in the amounts of iron contained. For one of these series 
Tottingham’s solution number T3R1C5 was chosen, and for tlie other this 
solution was modified by substituting ammonium sulphate for the potas™ 
slum nitrate, as previously explained, in equivalent osmotic concentra¬ 
tion (solution number T3R1C5 of the ammonium-sulphate series in experi¬ 
ments I and II). These two series will be designated series C and series 
D. Iron was supplied to the solutions of each series in amounts Amry- 
ing from 0.01 mgm. to 5.0 mgm. The culture methods pursued with 
these two supplementary series were precisely the same as those de¬ 
scribed and used in 
carrying out the main 
experiments of this 
study. The culttires 
were conducted during 
a growth period of 35 
days. 

During the third 
week of the growth 
period evidences of 
toxicity began to ap¬ 
pear ill the plants 
growing in the solu¬ 
tions containing am¬ 
monium sulphate. The 
plants assumed an un¬ 
healthy, slightly yel¬ 
lowish, dull color, 
which was entirely 
different from the 
characteristic chlorotic 
appearance of plants 
suffering from the in¬ 
sufficient supply of iron. A weakened condition of, the plants was evi¬ 
dent from the manner in which the leaves drooped and the growth rates 
were retarded. The plants in the solutions containing the highest 
amounts of iron were the first to be affected, and the toxicity increased 
in severity as ^ the plants grew older and spread to include all nf' the 
cultures except' the one' containing the smallest amount of iron, (o.oi 
mgm, per liter of solution)., The plants in this culture were at all times 
gteen' "and healthy, grew' rapidly^ and produced relatively high yields. 
The plants in the Tottingham solutions were green and healthy through¬ 
put-the ^growth period, with the .exception of, those in the two solutions 
cdntamittg,o.oi',mgm. and,o. 10 mgm. of iron per liter of solution. The 
plants, in, the'''first of these'two solutions, were ehlororic, while those in 
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riG. 7 .—Graphs of actual yield values of wheat tops and roots for 
culture solutions of two types (solution TaRiCs of the Tottingham 
series and solution TsRsCs of the ammonium-sulphate series) sup¬ 
plied with varying amounts of iron in the form of ferrous sulphate. 
Series C and D of experiment II, 
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tile second were only slightly chlorotic as the result of an insufficient 
supply of available iron. 

At the end of the growth period of 35 days the dry weights of tops and 
roots were obtained in the usual way. The yield for the cultures of the 
two series, together with the average hydrogen-ion exponents of the 
solutions obtained at the end of the various growth intervals, are given 
in Table VIII. The yield values of tops and roots as given in this table 
are represented graphically in figure 7, the upper set of graphs represent¬ 
ing the yields of tops and the lower set the root yields. The dry-weight 
values as ordinates are here plotted against the amounts of iron in milli¬ 
grams per liter of solution as abscissas. 

TabI/E VIII.— Hydrogen-ion concentrations and dry-weight yields of wheat grown in two 
types of nutrient solutions supplied with 'varying quantiiies of iron in the form of ferrous 
sulphate 


Quantities of iron (in milli- 

Tottingham’s solution (TaRiCs), 
series C. 

Tottingham's solution (TsRiCs) 
modiried, f(NH 4)2804 substituted 
for KNOs], series D, 

grams per liter of solution). 

Dry weight 
of tops 

Dry weight 
of roots. 

Average 

PH 

values.0 

Dry weight 
of tops 

Dry weight 
of roots. 

Average 

Pa 

values. 

0.00. 

Gm . 

1.4017 

Gm. 

0.5x13 

5*53 

Gm . 

2.2010 

Gm . 

0.4726 

4-63 

.01... 

2.1212 

•75x3 

S-68 

2.4131 

1.0250 

4-54 

.10. 

3.0448 

1.1837 

5.68 

1-9323 

•3233 

4.64 

•25. 

2.6691 

.8798 

3-63 

1.4792 

.275S 

4.60 

•so. 

2.3908 

.6265 

5.60 

2 .0002 

.3712 

4.64 

' -ys-. 

2.7478 

.8182 

S ‘59 

1.1501 

.2227 

4-63 

I.OO. 

2.2148 

.6210 

5-59 

1.1937 

.2263 

4.60 

nso. 

3.1924 

1.1366 ; 

5.61 

1.3032 

.2543 

4.64 

2.00... 

2,4451 

.7448 

5-58 

X.3XI3 

•2354 

4.63 

3*00 . 

2.5870 

.7962 

s-ss 

.9408 

.1829 

4.56 

S-oo. 

2 2296 

•5558 

S-Sx 

.8288 

.1608 

4‘53 


0 'These values represent the average of all the determinations made for each solution at the end of the 
growth intervals throughout the experiment period. The initial Pii values of all the solutions in each 
series were approximately 4.7. 


As indicated by the graphs of figure 7 the yields of tops and roots 
from the cultures containing ammonium sulphate (series D), not includ¬ 
ing the jield from the first culture in the series, were always much inferior 
to the corresponding yields from the Tottingham solutions. The first 
three cultures show a rapid decline in yield with increasing small amounts 
of iron, after which the decrease in yields is less marked, although there 
is a general decrease in the yields of both tops and roots with increasing 
amounts of iron throughout the series, as the gradual downward slope 
of the graphs indicates. This is in entire agreement with the general 
appearance and condition of the plants as already described, with respect ■ 
to, the evidence of a toxic influence as indicated by the apparent size, 
color, and the generally depressed condition of the plants which was 
progressively more pronounced with increasing amounts' of. iron. ^ , 
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The graphs representing tiie yields from the Tottingham solutions 
(series C)j on the other hand, show that in these solutions the variations 
in the amotmts of iron mthin the range here used (o.oi nigm. to 5.0 mgtn. 
per liter of solution) did not produce marked differences in the yields.' 
All the solutions of this series produced relatively high yields, and there 
were no evidences of specific toxicity, although, as previously stated, the 
o.oi-mgni. and the o.io-mgm. portions of iron were not sufficient to 
prevent chlorosis in the plants gTown in these solutions. 

It will be obseiwed that the control culture (without iron) in the ammo- 
nium-siilphate series (series B) produced a much higher yield tiian did 
the control culture in the Tottingham series (series C). This agrees v-ith 
the general appearance of the plants in these two cultures, the plants in 
the former being green and apparently healthy -while those in the latter 
were chlorotic. The large difference in the dry-weight yields of the 
plants from these control cultures may possibly be accounted for by the 
fact that the magnesium-sulphate and monopotassium-phosphate 
crystals contained small amounts of iron (less than 0.001 per cent by 
analysis) as an impurity. This very small trace of iron was perhaps 
soluble in the solution containing ammonium sulphate and available to 
the plants and insoluble and, therefore, unavailable to the plants in the 
Tottingham solution. This is offered only as a suggestion and may not 
explain the real cause of the large difference in dry top yields, since the 
difference in the root yields from these control cultures is very slight. 

In this connection it might be suggested that the toxic influence of the 
iron in the solutions containing ammonium sulphate is perhaps directly 
related to the hydrogen-ion concentrations of the culture solutions. 
The initial hydrogen-ion exponents of the solutions used in series C and D 
are approximately the same (Pn 4.7); but the liydrogeii-ion concentra¬ 
tions of the Tottingham solutions change rather rapidly toward the 
neutral point when in contact with the plant roots, while under the same 
conditions the hydrogen-ion concentrations of the solutions containing 
ammonium sulphate ai"e increased, or at least maintained at their initial 
values, during the several gi-owth intervals between successive solution 
changes throughout the experiment period as is indicated by the data in 
Table VIII. Since iron compounds are less soluble in culture solutions 
with lower hydrogen-ion concentrations, it is possible that in the Tot- 
tingham solutions with decreasing concentrations of these ions sufficient 
iron was perhaps removed from solution by precipitation to prevent the 
tome influence of this element. The suggestion here made appears to 
gam' some support from actual observation. Precipitates invariably 
occurred in botli the Tottingham solutions and tlie solutions' containing 
amnioniumaulphate, in which' the proportions of iron as here Used were 
relatively'high,'after standing in,contact'with the plant roots; but these 
precipitates always appeared first in the Tottingh'am solutions and were 
always much'more;'pronounced in these than they were in the solutions 
' containing'ammonium sulphate. 
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Experience iias^ of course, shown that culture solutions may not be 
expected to produce good growth of green plants if they contain more 
than a ver)^' small quantity of available iron, and observations of toxicity 
produced by iron under various' experimental conditions are frequent 
in the literature. Thatcher (j 6) makes the broad statement that— 

Only soluble ferric compounds seem to ser\"e as a suitable source of supply of the 
eiemeut; ferrous compounds being usually highly to:^dc to plants. 

In this connection, Hartwell and Pember (7) found ferrous sulphate to 
be toxic to barley and rye seedlings when added to Knop's solution in 
concentrations of N/3,000, This concentration, however, is much higher 
than the concentrations of ferrous sulphate used in the present experi¬ 
ments. These authors state that the absolute effect of a given strength 
of ferrous sulphate would be expected to depend upon the frequency of 
the renewed applications and upon the nature of the nutrient solution 
employed. Ruprecht {14) also found that ferrous sulphate when present 
in culture solutions above four parts per million of iron exerts a toxic effect 
upon clover seedlings. 

From a consideration of the data presented in the preceding pages 
it is evident that the form and quantity of iron in a medium for plant 
growth is a very important factor. In experiment I of this study the 
mon supplied to the plants in the form of ferric phosphate was entirely 
inadequate to support plant growth in' the Tottingham solutions. When, 
however, iron in this form was supplied to the plants in the solutions con¬ 
taining ammonium sulphate which was substituted for the potassium 
nitrate in the Tottingham solutions, iron did not become a limiting factor 
for growth and these solutions produced excellent plants ■which w^ere 
vigorous and healthy throughout the early stages of growth extending 
over a period of five weeks. On the other hand, when iron was supplied 
in the form of the soluble ferrous sulphate, the Tottingham solutions 
supported excellent growth and produced very high yields of both tops 
and roots, w^hile the solutions containing ammonium sulphate were 
exceedingly toxic to the plants, and this toxicity ivas intensified by the use 
of higher concentrations of the iron salt but disappeared entirely when 
only a small trace of iron (0.01 mgm. per liter) was supplied. It appears, 
therefore, that the injury to the plants did not result from the direct' 
influence'of the ammonium salt here us^d but was caused by the iron 
which was made available in excessive quantities through the presence 
of the ammonium salt 

YiBbDS OF TOPS AND ROOTS IN RELATION TO SALT PROPORTIONS 

The relation between yields and salt proportions will here be con¬ 
sidered for two series only, these being the Tottingham series (A) of 
experiment II and the ammonium-sulphate' series (B) of experinient I. 
In these two series the' plants were at all times healthy and vigorous and 
suffered no apparent inj'ury.' The plants of the Tottingliam series (A) 
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of experiment I and those of the ammonium-sulphate series (B) of experi¬ 
ment II were greatly restricted in the growth rates, as already explained. 
The yields from these two series will, therefore, not be considered in rela¬ 
tion to the salt proportions of the culture solutions. 

The relative yield values as given in Table III for the six cultures pro¬ 
ducing the highest yields in each of the two series here to be considered 
were plotted on the tetrahedral diagram like that employed by Totting- 
ham {i8) but here presented in perspective in somewhat the same 
manlier as was done by Espino (5). Since the low and medium yields 
have little interest in this connection, they will be omitted from the dia¬ 
grams and discussion. The high yields of tops for both series were plotted 





Fig. 8.—Distrifoution of relative dry-weight values of tops for the best six cultures in each series. 

on a single diagram, as were also the corresponding yields of roots for the 
two series. The areas representing the high' yields of the two series are 
distinguished by shading. On^the diagram of figure 8 the dotted areas 
represent the yields of tops from the best six cultures of the Tottingham 
series (series A of experiment II), and the stippled areas represent. the 
corresponding yields from the best six cultures of the ammonium- 
sulphate series (series B of experiment I) . The relative' dry-weight yields 
of;,roots from the‘best six cultures of each of' the two series are similarly 
represented on the diagrams of figure 9. 

:, .Comparing now the areas representing the high yields of tops from the 
,T:ottitigham series' with those representing the corresponding yields from 
'the^'aarmonpium-sttiphate series, as^ shown on, the diagram of figure 8, it 
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will be observed that there is considerable overlapping of these areas. 
Out of the group of six high-yielding cultures in each series three are 
corresponding cultures and are included in the areas marking high yields 
of tops in both series. These three cultures are T1R1C3, T1R3C3, and 
T3R3C1, The maximum yield from the Tottingham series was produced 
by culture T1R3C3, while the maximum yield from the ammomum- 
sulphate series occurred with culture T1R1C5. A similar comparison of 
the areas of high root yields on the diagram of figure 9 also shows a certain 
amount of overlapping of the areas representing these yields from the 
two series under consideration. The three cultures T1R1C3, T1R3C5, 
T3R1C3 are included in the areas representing high root, yields in both 
series. The maximum yields of roots were produced by cultures T1R3C5 



riG. 9 --~Distribtttion of relative dry-weight values of roots for the l>est sbc cultures in each S'ftties. 


and TiRiCy in the Tottingham series and the ammonium-sulphate series., 
respectively. In each of these series, however, the maximum yield of 
tops and that of roots was produced by different cultures. 

A comparison of the diagram of figure 8 with that of figure 9 shows a 
pronounced similarity and very close agreement between the areas 
representing high yields of tops and those representing high root yields 
for the ammonium-sulphate series. Five of the six cultures which are 
included in the areas of high top yields (fig. 8) also appear in the areas of 
high root yields (fig. 9).; In the Tottingham series, however, no such 
marked similarity between the areas ,of high top yields and those of high 
toot yields is apparent. In this series only 'two cultures appear in the 
areas of both high top yields and high^ root yields, although the detached 
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culture T3R1C5J marking the lower limit in the range of high top yields, 
appears also in an area representing high root yields. 

From the distribution of the areas representing high yields of tops 
and roots on the diagrams of figures 8 and 9, it is at once apparent that 
good growth may be correlated with relatively wide ranges in the propor¬ 
tions of most of the salts comprised in the culture solutions of the two 
series here considered, but for ammonium-sulphate a iiarrovv’' range only 
is indicated. ' This is brought out best by the data in Table IX, which 
gives the volume-molecular partial concentrations of the salts and the 
ranges of these for the culture solutions in each series wliicli produced 
the best six yields of tops and of roots. At the bottom of this table are 
given the maximum and minimum partial concentrations of each salt 
used and the total ranges of these for the entire series. The partial con¬ 
centrations of the culture solutions which produced maximum yields in 
each series appear in bold-face type. The cultures comprised in the 
table are those which are included in the areas of high yields of tops and 
roots on the diagrams of figures 8 and 9, 


Table IX.— Volume-molecular partial conceniraiions and ranges of these for the salts 
in the sohiiions producing the highest six yields of tops and roots in the Toitingham 
series a fid hi the ammonium-sulphate series 


Cultare No. 

Tottingham Series (experiment II). 

Culture 

No. 

Ammonium-suiphate series (experi¬ 
ment I). 



KNOs. 

KH2PO4. 

CaCN 03 ) 2 . 

MffS 04 , 

(NH 4 ) 2 S 04 . 

KH2PO4. 

CaCNOa)*. 

MgSOi. 

Tops 

fTiRiCs... 

T1R3C3... 
T3R1C&... 
T3R3C1... 
TsRftCi... 
T5R3C1.. , 

0.0020 
.O(M 50 
. 0020 
. 0060 

. 0103 

. 0060 

0. C 03 I 
.(1021 
. 0063 
. 0063 
. 0063 
. OIOO 

0.0044 
, 004 -t 

• 0073 

• oois 
.0015 
.0013 

0.0119 
.0071 
.0024 
. 0071 
. 0024 
.0024 

T1R1C3 

TiRiCo 

TjRiCs 

TsRiCs 

T3R3C1 

T&RiCi 

0. 0014 

.0014 

. C042 
. C014 
.0042 
.0014 

0.0021 
.0021 
. 0021 
. 00O3 
. 0063 
. 0106 

0.0044 
. 007 S 
. 0073 
. 0044 
,0015 

. OOIS 

0. 0119 
. 0071 . 

. 0024 
. 0071 
.0071 
. 0071 


, Range,. 

. 0080 

.0083 

.0058 

,009s 


.002S 

. 0083 

. 0038 

. 0095 

1 

'TiRiCs.,. 
TiRrCa.. . 
TiR-iG'.... 
T1R.C3,., 
T3R1C3... i 
rsRiC:>.. .! 

1 

. 0020 
.0060 
JIO0O 

I . OICO 

j . 0020 
. coao 

. ooai 

,0021 
.00*21 
- 002X 

. 0063 
.0063 

.0044 

.0044 

.0044 

.0044 j 
.Q073 ! 

. 0119 
.0071 
.0024 
. 0024 

.O07t ! 

.0024 1 

! TiRiCa 
i TiRiC, 
T1R3C5 
TsRiCi 
T3R1C3 
TsRsCi 

.0014 
. 0014 
. 0042 
. 0014 
.0014 
.0042 

,0021 
. 0021 

.0021 
,0063 
. 0063 
.0063 

~“7oom" 

. 0073 
.0073 

. OOIS 

.0044 

,0015 

.0110 
. 007X 
. 0024 
. 0119 
. 0071 
. 0071 


, Range.-! 

1 . ooSo 1 

. 0042 

. 0029 

.0095 ^ 


.0028 

. 0042 

.0058 

.0093 

Entire series: 
Maxlmtiin. 

. 0140 1 
1 .0020 1 

. 0148 
. 0021, 

.0102 

.0015 

. 0166 
.0024 


. 0098 
. 0014 

1 . OI4S 

.0021 

.0102 

.OOIS 

. 0166 
• 0024 

Xaiige. 

^ 1 

1 - 0120 

. 0127 

. 00S7 

. 014a 


. 00S4 

. 0127 

. 0087 

* 0x4a 


Inspection of the data in Table IX shows that the salt ^proportions 
characterizing the cultures which gave the highest six yields of tops and 
roots inThe two series are limited to certain ranges in these proportions 
which, are always less extensive than the total ranges for the, entire 
series.' The range in the proportions of each salt which' produced high 
jdeids 'of tops in the Tottingham series is relatively wide, in 'each instance 
being approximately two-thirds of the total range of' these proportions 
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for tlie entire series. In the aramonium-sulpliate series the ranges in 
the proportions of monopotassium phosphate, calciuin nitrate, and 
magnesium sulphate are in absolute agreement with the corresponding 
ranges in the proportions of these salts in the Tottingham series, while 
the range in the proportions of ammonium sulphate for high yields of 
tops is relatively low, being only one-third of the total range’ in the 
proportions of this salt for the entire series. This range includes the 
lowest proportion of this salt used in the series. 

The cultures which produced high root yields in the Tottingham 
series are characterized by relatively wide ranges in the proportions of 
potassium nitrate and magnesium sulphate and relatively narrow ones 
in the proportions of monopotassium phosphate and calcium nitrate, 
while high yields of roots in the ammonium-sulphate series are associ¬ 
ated with a narrow range in the proportions of ammonium sulphate and 
monopotassium phosphate and a wide range in the proportions of the 
other two salts. 

SmiMARY 

The experiments described in this paper were conducted for the purpose 
of studying, in a comparative way,'the effects of ammonium sulphate in 
nutrient solutions upon the growth of young wheat plants and to deter¬ 
mine the influence of this salt upon' the ability of the plants to utilize 
iron from a soluble ferrous salt and an insoluble ferric salt. A study was 
also made of the change in reaction of the nutrient solutions induced by 
contact with the plant roots. Two series of culture solutions were used. 
The first of these comprised 20 solutions selected from the Tottingham 
series of 84, and the second series consisted of the same solutions modi¬ 
fied by substituting ammonium sulphate for the potassium nitrate in 
equivalent osmotic concentrations. All the solutions had a total os¬ 
motic concentration value of approximately i atmosphere. The soluble 
and the insoluble iron in the form of ferrous sulphate and ferric phos¬ 
phate, respectively, was added to the solutions in quantities of 0.83 
mgm. of iron per liter of solution. The culture solutions were renewed 
at regular intervals of 3K days throughout a total growth period of 35 
days. 

The main results of the experiments may be summarized as follows: 

(x) The plants grown in the Tottingham solutions invariably produced 
a marked decrease in the hydrogen-ion concentrations of the solutions. 

(2) The plants grown in the solutions containing ammonium sulphate 
invariably increased the hydrogen-ion concentration of' these solutions 
during the early stages of growth. During the first five weeks of growth 
the hydrogen-ion concentrations were maintained at a much higher 
level in' these solutions than in the unmodified Tottingham solutions, 
although the initial Ph values of corresponding solutions of the two 
types'were practically the same. 
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(3) Tlie direction of the change in reaction of the culture solutions 
produced by the gronring wheat plants was determined by the nature 
of the salt constituents comprised in the solutions. 

(4) Penic phosphate, in the quantities used, was not sufficiently avail¬ 
able in the Tottingham solutions to supply the needs of the plants for 
iron. The low yields produced by these solutions were correlated with 
a high degree of chlorosis and with high Pk values. On the other hand, 
this form of iron appears to be readily available to the plants in the 
solutions containing ammonium sulphate. The high yields produced by 
these solutions were associated with relatively low Pu values, and the 
plants were entirely free from chlorosis. 

(5) Ferrous sulphate, in the quantities used, was sufficiently available 
in the Tottingham solutions to satisfy the needs of the plants for iron. 
These solutions with the soluble form of iron produced excellent growth 
and high yields, and no chlorotic or toxic effects were apparent. The 
solutions containing ammonium sulphate with this form of iron in quan¬ 
tities of more than 0.01 mgm. of iron per liter of nutrient solution were 
very toxic to the plants, the degree of toxicity increasing with increase in 
the amounts of iron added to the solutions. 

(6) The nature of the nutrient solution with respect to the salt consti¬ 
tuents and hydrogen-ion concentration appears to determine the availa¬ 
bility and the efficiency of a given iron salt for plant growth. 

(7) The highest six yields of wheat tops from the Tottingham series 

are correlated with relatively wide ranges in the proportions of all four 
salts employed. The maximum yield of tops from these series was pro¬ 
duced by a solution having the following salt propoilions: Potassium 
nitrate 0.0060 M.; potassium phosphate 0.0021 M.; calcium nitrate 
0.0044 magnesium sulphate 0.0071 M., with feiTOUS sulphate 

(0.83 mgm. of iron per liter) as the source of iron for the plants.. 

(8) The highest six yields of tops from the series of solutions contain¬ 
ing atnoionium sulphate are associated with relatively wide ranges in the 
proportions of potassium phosphate, calcium nitrate, and magnesium 
sulphate, but with a narrow range in the proportions of ammonium sul¬ 
phate. The maximum yield of tops from these series was produced by 
a solution hamng the following salt proportions: Ammonium sulphate 
0.0014 M.; potassium phosphate 0.0021 M.; calcium nitrate, 0.0073 M.; 
and magnesium sulphate 0.0071 M., with ferric phosphate (0.83 mgm. of 
iron per liter) as the source of iron for the plants. 

(9) In the series of solutions containing ammonium sulphate, high 
yields,, of tops were generally associated with high, yields of'roots; but 
no; such correlation between tops and roots existed in the Tottingham 
series.;. 
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FIXATE 136 

A. -^Fenic pliospliate as tlie source of iron for plants, 0.75 mgm. of iron per liter of 
iKitrient soltition. 

Tile plants in the culture on the left were grown in the Tottingham solution T3R.1C5 
modified by substituting ammonium sulphate for the potassium nitrate in equivalent 
osmotic concentrations. The plants are green and healthy. 

The plants in the culture on, the right were grown in the Tottinghana solution 
T3R1CS unmodified. The plants are chlorotic and much smaller than those grown 
in the solution containing ammonium sulphate. 

B. —Feirous sulphate as the source of iron for plants, 0.75 mgm. of iron per liter 
of nutrient solution. 

The plants in the culture on the left were grown in the Tottingham solution 
T3R1C5 modified by substituting ammonium sulphate for the potassium nitrate in 
equivalent osmotic concentrations. The plants are small and unhealthy. 

The plants in the culture on the right were grown in the Tottingham solution 
T3R1C5 unmodified. The plants are large, green, and healthy. 
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DISPERSION OF FLIES BY FLIGHT 

By F. C. Bishopp, Entomologist, and B. W. Laake, Entomological Assistant, Invest 

tigations of Insects Affecting the Health of Man and Animals, Bureau of Entomology, 

United States Department of Agriculture 

A delmite knowledge of the'means of dissemination of various species 
of economic insects is of mttcli importance in control or eradicative 
undertakings. Undoubtedly the spread'of injurious forms by artificial 
means is in general of most pronounced importance. With free-lying 
species, however, natural dispersion deserves careful consideration. 
This is particularly true of the various species of flies which directly 
affect man and animals- The accumulation of data on the possibilities of 
flight of various injurious species of flies should'aid economic work in 
several ways. 

1. It should help in the study of the spread of fly-bome disease, 
either In large districts or locally, 

2. It should make possible the proper location of dumps, incinemtors, 
hog-feeding stations, "and other favorable breeding grounds so that the 
menace to towns, cities, military camps, etc.,, will be reduced to' a 
minimum. 

3. In control work in restricted districts 'or about individual plants 
it should help in determining the, extent to which fly-breeding grounds' 
in the neighborhood affect these undertakings. 

'4. In the. prosecution of large-scale, control work '.against certain 
species on farms or ranges,, it should show how widespread must be^ the 
effort if marked results are to be accomplished. 

5. It should make it possible to. determine whether control campaigns, 
are accumulative from year to year in their effect, or whether, owing to 
extensive migration, the results are effective only during one year or 
one period. 

Realizing the desirability of collecting data along this line, a number of 
investigators in various parts.of the world have carried out dispersion','' 
tests. Thesewere mainly with the house fly {MuscadoMesticaE*)^^l 1 ikmgh:, 

’ limited numbers of a few other species were observed in ,the experiments. 
Most of these tests were conducted under more or less distinctly,urban con-.'' 
ditiO'HS. The observations and main conclusions of these:,vari'Ous experi-', 
menters have been so well summarized, by Parker ^ .that they will not. „be', 
repeated here. Parker also' discusses rather fully in the same article 'th'e 
methods of .marking the flies in the tests. 

The maximum range of dispersion recorded up to the work of .Parker . 
was i,7cx),yards. This distance was noted in a test in ''England carried: 

31 R. ,R. ' WSPBRSaON 'OF MD^CA .DOMIESTICA LI3SrNA«XJS ITNIOER CtTY CONOmONS IN MONTANA* 

in lout, Ewd,. Eat., voL'S>, no. 3, p, .32S“3S4» pi* 34-36. ' 1916. 

Jotirml olAgfic-ttltwarResearcIi, Vot 1^4 X6 

WasMiigtoa.n. C. Aupts^tm, ' 

« '"{ 729 )". , 
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out under urban conditions by Copeman, Hewlett, and Merriman in 
1911.^ 

Parker's experiments in Montana were also carried out largely under 
city conditions. The greatest range of dispersion shown in his tests was 
3,500 yards, or nearly 2 miles, with the house fiy. A record of 500 yards 
was made for Muscina stalmians Fall., and 160yards for the black blov^rfly 
(Phormia regina Meig.). These last species, how^ever, were released in 
comparatively insignificaiit numbers. 

In addition to exact evidence obtained by recapturing marked and 
released' hies, other evidence of dispersion is at hand. Hodge ^ has 
observed house hies, stable flies {St(yino%ys calcitrans h.), and “blue 
bottles" in considerable numbers at cribs 5 and 6 miles out in Lake Erie 
north of Cleveland, Ohio. He concludes that the flies appear to, be 
blown out at least 6 miles off shore. In 1917, Ball ^ presented evidence 
which 'indicates that the house fly .may go distances'of 45 ,or 95 
miles. These observations were made at'the Rebecca-, Light' Shoal 
off the- .coast' of Florida, and the conclusion was reached that the 
files came dovm wind from Cuba'(95 miles distant) 'and ,at times from' 
the'Marquesas Keys (24 miles distant) or possibly from'Key West, Fla.,' 
(46 miles distant). WTiile the evidence of flight over these long distances 
is convincing it' is hardly incontrovertible. The flight in ‘these instances 
w^as over water, at least for ‘the most part; hence the conditions were very 
different from those existing under usual urban or rural conditions. ' 

' With a view- to securing some' definite facts as to the tendencies and 
possibilities of dispersion under rural conditions, a series 'Of, tests with 
injurious species was carried out in northern Texas during tlie summers 
of 1916 and 1918. 

METHOD, OF CATCHING, IMARKING, AND LIBERATING FLIES 

Practically the same method of handling the flies was used throughout 
the several tests' conducted. The supply was secured by baiting large 
conical fl3rtraps with “gut slime," a packing house'by-product. .These 
traps w^ere left in operation from a few hours up to 24 hours; then a screen 
cylinder w’-as placed on top of the flytrap. The cover of the ti'ap vras re- 
'moved, and the flies were agitated so that they would pass upward into 
the cylinder,'which was first supplied with a number of green branches' 
from 'trees. Few of the weaker, disabled flies would pass upward into, 
the cylin-ders. When several thousand had passed into the cylinder a 
cheesc'cloth ,was placed over the lower end of it. All the flies were 

S. Motickton, Hpwx^ETT* F. and Mi^RiupiiAN, Gordon, an hxpeeimejntai. invisstiga- 
aoN on" THE RANGE OE RUGHT oE RuEs. , In Xpts. Uocal Govt.'Bd. [Gt, Brit.] Bub. Healtb and Med. 
Stibi's., n. s. no. S3. P. isii. 

» HbPGR, C. F. mn msTANCE house reies, beue BomEs and stabee wum may xrayee over water. 
In Scimee, n. s,,: v. 3S, no. 9-80, p. 512-5x3. 1013. 

# BAEE* S. C, MiGEAaoN OR XNSECXS XO REBECCA SSOAO. LIGHT-STATION AND THE TORTUGAS ISLANDS, 
WITH SPECIAL REFERENCE TO MospuiTOES AND'RLiE'S., In Papers Dcpt. Mar. Biol Camejpe faist.. Wash., 
V. la (Publ 253), P*1918.' Bibliograpby,'p, ,2x2. , 



Aug. 15, 1921 


Dispersion of Flies by Flight 


731 


captured in Dallas or Fort Worth at the packing houses and were then 
transported to the point of liberation. The time from placing the flies 
in tlie cylinders until they were liberated ranged from i to 2 hours.' ' ' 

When the point of liberation was reached the cylinders were slipped 
into a canvas bag one at a time and from i to 2 ounces of finely powdered 
red chalk or paint pigment were introduced into the cage, which was 
inverted several times. The top was then removed, and the flies were 
allowed to escape. All flies were then shaken from the cages. 

The number and percentage of the different species of flies released * 
were estimated by looking into the screened cylinders. \lTiile it is 
realized that this estimate is very rough, the writers' experience in hand¬ 
ling great numbers of files in traps'has added to the reliability of the 
estimates. In one instance the flies in one trap were killed, and the 
proportion of species and sex was determined by actual count. 

When the flies emerged from the cage they were all distinctly covered 
with the chalk, the majority of them being brilliant red. In one instance 
yellow chalk was used and in another the flies were sprayed with rosalic 
acid, but the yellow color was not so readily distinguished in the mass of 
flies caught in the recovery traps, and not a single fly sprayed with 
rosalic acid was identified when an alkaline solution was applied to the 
specimens taken in the recovery traps. In a few of the liberations a red 
paint pigment was used, and this also seemed fairly satisfactory. 

In every case there was a considerable mortality among the flies 
placed in the cages, but it is believed that this was caused more by the 
heat while the specimens were being transported to the place of liberation 
than by the application of the marking agent. That there may have 
been some deleterious effect from the application of the chalk dust can 
not be denied, but the fact that some marked specimens were recovered 
17' days after application indicates that the method of marking was not 
highly injurious. 

ACTIOKT OF FLIES'WHEN LIBERATED ' 

All liberations were made on the ground in open fields. In every 
instance a considerable number of the flies were observed to take to 
the air immediately, some passing upward to a considerable height. 
They seemed to fly freely in 'all directions, but there seemed to be more 
going with the wind or at .right angles to it than in other directions. A 
large number settled on the grass near by, and many of tliese were 
observed to be preening themselves in a contented way. In experi¬ 
ments where trees were near at hand large numbers were observed to 
settle on the leaves. Many flies exhibited great thirst, as was shown 
by efforts to procure moisture from' the leaves and perspiration on our 
bodies. They'persistently stuck to 'our' clothing, hands, and faces, and,_ 
although the conveyance used was always, left some distance from the', 
point of liberation, a'few flies were in every instance observed'to, be ; 
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about the vehicle when the start away from the point was made. The 
flies were at'first driven off, and after a short distance had been traveled 
all of those about the vehicle' were killed- A second and sometimes a 
third 'examination were made to make sure that no colored specimens 
were following. 

RECOVERY AND IDENTIFICATION OF FLIES 

In order to determine the distance of dissemination, conical traps i8 
inches in diameter baited with ‘'gut slime'' were set at measured dis¬ 
tances in different directions from the point of liberation. The flies col¬ 
lected in these recovery traps were killed at daily intervals as nearly as 
possible, and the mass of flies was carefully gone over for colored speci¬ 
mens- In most instances the colored flies could be identified with the 
unaided eye, but when any doubtful specimens were found they were 
examined with a microscope and the presence of particles of chalk could 
then be determined accurately. ' During the first few days after libera¬ 
tion most of the' flies were strongly colored, but later the specimens 
retained the color mainly on the halteres. 

The sex and species of the marked flies recovered were determined, 
and in many cases the percentage of the different species of unmarked 
flies in the recovery traps was estimated by examination of a certain 
number of flies, and in the same way the sexes were estimated in a num¬ 
ber of instances. The weight of the catch in each recovery trap was 
also determined. 

Owing to the different conditions under which the several dissemina¬ 
tion tests were made it seems best to discuss them separately. 

INITIAE FLIGHT TEST NEAR FORT WORTH, TEX. 

On May 31, 1916, at 1.30 p. m., 7,000 or 8,000 flies were marked with 
red chalk and liberated in an open field about X oiile east of the two 
lai'ge packing houses which are located approximately 2 miles north of 
Fort Worth. One of the prime objects of this test was to determine 
the freedom with which the flies would go toward packing houses from 
surrounding areas where more or less attractive feeding and breeding 
conditions for flies of all kinds occurred. Eighteen recovery traps were 
used in this test. They were set at distances and directions as follows 
from the point of liberation (fig. i): Trap No. i, 930 feet 15^^ north of west 
nn dock of a silo construction company; trap No. 2, 851 feet 15° south of 
west on'a platform of a plant where dead animals were rendered, hence 
veiy attractive for flies; trap No. 3, 1,037 feet southwest near a small 
sEughterhouse with surroundings attractive for flies; trap No. 4, 1,323 
feet^ i2®'south of west in garden behind store; traps No. 5, 6, 7, and 8, 
about 2,123 feet 25'^ south 'of west located around a rendering plant where 
conditions'were attractive to flies; traps No.' 9, no, ii, 12, and 13, about 
2,588^ feet south:of' west and wilhin the inclo'sure,of'one of the. large 



Aug. XS, X93I 


Dispersion of Flies by Flight 


733 


packing houses; traps No. 14 to 18, inciusive, 3,076 feet 5^ north of west 
within the inclostire of another large packing house. To make traps No. 
2 and 3 still more attractive to blowflies a large amount of meat waste 
was hauled out into the field between them and partially plowed under. 

A creek fringed with trees flows nearly north between the point of 
liberation and the packing houses, about 1,100 feet from the point of 
liberation; thus the flies, in order to reach traps No. 4 to 18, inclusivei 
would have to cross this stream. The closest road with any considerable 
amount of travel is about 1,400 feet from the point of liberation, passing 
near traps No. 5 to 13 and turning north at right angles near trap No. 4. 

Almost immediately after release two colored screw-worm flies 
{Chrysomya macellaria Fab.) were observed at trap No. i, and several 
were seen about the rendering plant at trap No. 2. About three hours 
after liberation a marked C. macellaria was observed through the screen 
in trap No. 5. 
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J^G. X.—Diagraxu of dispersion test at Fort Worth, rex., indkating relation of recovery traps to point 

of release. 


June 1, 11.45 a. m,, flies in traps No. 10 to 13, inclusive, were Mlled 
and examined and the following marked flies found: Trap No. 10, i $ 
Phormia regina (the black blowfly), i 9 Chrysomya fuacelhrm; No. ii, 

I 9 P. regina; No. 12, i 9 P* regina; No. 13, 2 9 P- regina^ i 9 C 
macellaria- June i, between 2 and 3.45 p, m., the following colored 
flies were found in traps No, i to 9, inclusive: No. i, 2 <5* and 16 9 
P. regina^ i 9 C. macellaria, 5 9 Musca domestica (house fly); No. 2® 

II 9 P. regina, 1 9 M- domestica; No. 3, i and 5 9 P- regim, 3 9 
C. macellaria, 5 9 M. domestica; No. 4, 2 S and 9 9 P« regina, 2 '? 
C. macellaria, 2 9 M. domestica; No. 5 , 6 9 P- regina, 3 (2 9, x?) 
C macellaria- No. 6, 7, 8, 9, none. June 2, 9.45 to 11.20 a. m., No. 
14 to 18 contained the following colored flies: 4 9 P. regina, 2 9 C. 
macellaria, ^ i 9 M. domestica. June 2, 12.30 to 2 p/m., flies in No. 
5 to 13 , inclusive, were killed and examined, and the following marked 
specimens were found: No. 5 , 4 9 P. regina, i 9 C. maceUafia,\Mor.6, 
1 9 M. dmmstica; No. 7, none; No.. 8, 2 9 ■ regina; No. 9, nofie; 
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No. 10^ I I 9 P. regina; No. i.i, none; No. 12, i ? M. domestica; 
No. i3j none. June 2, 2.30 p. m., No. i, i $ P. regina, j 9 C. macel^ 
laria; No. 2, 5 $ P, regina, i $ C. macellaria (sex ?), 2 ? M. domestica; 
No. 3 , 2 9 P. regina, i 9 M. domestica; No. 4, 2 9 P* regina; No. 5^ 
none. June 3^ 9.30 to 11.20 a. m., No. 5, none; No. 6, i 9 M. domestica; 
No. 7, 2 9 , P« regina; No. 8, 9, and 10, none; No. ii, i $ C. macellaria; 
No.^i2s I 9 P. No. 13, none. June 3, 1.30 p. m., No, i, none; 

No. 2, 9 C, macellaria; No. 1 9 P. regina; No. 4, i 9 C. macel- 

laria» June 5, 10 a. m., No. i and 2, none; No. 3, i 9 P- regina; No. 
4 j 3 P. regina; No. 5, i 9 P- regina; No. 6 and 7, none; No. 8, i 9 
C' macellaria; No. 9 to 14, inclusive, none. 

The grand total of all the colored flies caught in the traps was 126, 
distributed among the traps as follows: 

No. I, 26 (P. regina 2 17 9 ; C. macellaria 2 9 ; domestica 5 9 ). 

No. 2, 21 (P. regina xO 9 ] C. macellaria i 9 > i ?; M. domestica $ 9 )- 
No. 3, 19 (P. regina i <5^, 9 9 >’ C. macellaria 3 9 ,* domestica 6 9 )* 

No. 4, 19 (P., regina 2 <5‘, 14 9 ; tT. macellaria 3 9 )* 

No. 5, 15 (P. II 9 ; C. macellaria $ 9 r ?)• 

No. 6, 2 9 • domestica. 

No. 7, 2 9 P- regina. 

No. 8, 3 (P. regina 2 9 ; C*. macellaria i 9 )• 

No. 9, none. 

No. 10, 4 (P. regina i (?, 2 9 ; C. macellaria i 9 )* 

No. II, 2 (P. fegwa i c?; C. macellaria i 9 )• 

No. 12, 3 (P. regina 2 9 ?* domestica 1 9 )- 
No. 13, 3 (P. regina 2 9 I C. macellaria i 9 )• 

No. 14 to 18, 7 (P. regina 4 9 ; C. macellaria 2 9 ; domestica i 9 )• 

It is noteworthy that while the percentage of the three species recov¬ 
ered was estimated at the time of liberation to be Musca domestica 7^ 
Ckrysomya macellaria 70, Phormia regina 22, the percentage of these spe¬ 
cies as recovered was approximately M. domestica 14, C. macellaria 16, 
P. regina 70. At first sight this might lead one to think that P. regina 
was more prone to migration than C. macellaria; however, when we group 
the first four traps, which were from 930 to 2,588 feet from tlie point of 
liberation, and the last 14, which were from 2,123 to 3,076 feet, exactly 
50 per cent of the total number of marked C. macellaria recovered were 
in the more'distant traps while the percentage of marked P. regina was 
but, slightly over 30.5. Comparing the house flies in the same way, 
about 22 per cent were taken in the more distant group of traps. Atten¬ 
tion might also be called to the fact that of the 126 marked flies recovered 
Only 6, or 4.75 per cent, were males. The percentage of' the sexes of the 
; flies liberated ,was not detennined, but in the usual catch the number of 
'' males is much greater than this. ■ Five of these males were taken in the 
fo:ur:'''nearest traps,'which might further suggest that the tendency to 
''■'distant dissemination is^ more marked in theiemales. 



Atlg. IS, 19a I 


Dispersion of Flies by Flight 


735 


It is notable that over 64 per cent of the total number of marked flies 
recovered were found to be captured when the traps were emptied about 
24 hours after the liberation had been made, and several of the traps 
were not examined within this 24-hour period. 

This test also shows that distances up to 1,000 feet are covered in a few 
minutes by flies, that the screw-worm fly may travel nearly half a mile 
in 3 hours, and that the house fly may go over 3,000 feet in less than 48 
hours. 

Since ,the recovery traps were not placed in all directions from the 
point of liberation, it is very difficult to draw conclusions in 'this test in 
regard to the effect of wind on dissemination. During this recovery 
period the wind during the daytime varied in velocity from 5 to 30 
miles, and the prevailing directions were south and southeast. 
(Table L) The wind with a velocity of from 13 to 24 miles blew from 
the southeast and south during the 48 hours following release, and since 
the majority of the marked flies recovered were taken within that period 
it is seen that those captured traveled practically at right angles to this 
wind. 

A second liberation of about 10,000 flies marked with yellow chalk was 
made at 4.30 p. m., June i. The proportion of the different species was^ 
estimated to be as follows: Chrysomya macellaria 60 per cent, Phormia 
regina 28 per cent, Musca domesiica 10 per cent, other species, including 
Lticilia, Ophyra, Sarcophaga, and, Muscina stahulans, 2 per cent. Diffi¬ 
culty was encountered in identifying the flies from this liberation. None 
were observed except on June 2, when thefollowingrecoveries were posi¬ 
tively made: No. 14,10.15 a. m., I ? P. regina; No. 10, 12.30 p. m., i $ P. 
regina; No. ii, 2 $ P. regina, i 2 C. macellaria; No. 13, i ^ P. regina, 
X 2 C*. macellaria; No. i, 1.30 p. m., 2 c? and i 2 P- regina; No. 2, 1 2 
C. macellaria. This shows that P. regina traveled over 3,000 feet in less 
than 18 hours after release and that night hours were included in this 
period. 

Tabx.® I.— CUfyiato logical data relating to initial dispersion test at Fort Worth, Tex, 


Date. 

Temperature. 

Wind. 

Rain, 

Humidity. 

Ac¬ 

tual 

stm. 

Max. 

Min. 

Mean. 

Direction during successive 
hours from 6 a. m. to S p. m. 

Velocity 

during 

day. 

Max, 

Alin. 

Mean. 








Per 

Per 

Per 

Per 

1916. 

“F. 

“F. 
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Inch. 

emt 

cmi. 

cmt. 

cmL 

May 31.... 

94 

yo 

83 

14 SB....... 
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0 

76 

39 

56 

92 

June I.,.. 
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73 

84 
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0 

75 

34 

54 ' 

79 

' 2... 

96 

75 

86 

2 S., 4 SW„ 2 NW., 3 W., 3 NW. 

5 to 21 

0 

76 

43 

60 

87 

3 • • • 

94 

73 : 

83 i 

2 NB.,9SB..iS..aSB. 

5 to 13 

0 i 

70 ; 

49 1 

60 

80 


87 

75 

81 

14 SB... 

8 to 36 

0 : 

77 

SO 

64 

5a 


86 

70 

78 

2 S., 5 SW., s W., 3 NW. 

19 to 30 ! 

0 : 

68 

39 

54 

73 
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FIRST DISPERSION TEST NEAR DAEEAS, TEX. 

On June 29^ 1916, about 18,000 flies, consisting of approximately 70 
per cent Mnsca domestica, 25 per cent Chrysomya macellaria, i per cent 
Phormin regim, and 4 per cent made up of Lucilia sericata Meig., Muscina 
stahulansj Sarcophaga spp., and Ophyra spp. were liberated. These 
flies were marked Just before liberation with red chalk in the manner 
previously described. The point chosen for liberation was in the coun¬ 
try about 4 miles east of the edge of the city of Balias and within a few 
hundred feet of a large orphanage. Sixteen recovery traps baited with 
“gut slime’' were set along the roads leading approximately east and 
west and north and south from the point of liberation. Four traps 
were set in each direction, the outer ones being between 2 and 3 miles 
from the point of liberation. The distance of each trap from this point 
is shown in Table II. The country covered by this radius might be 
described as a rolling, black' land, farmed area. In general, farmhouses 
were located from %tQ 1 mile apart and 'most of them maintained barns 
and pigpens. The country was practically open, there being only a few 
narrow strips of woods in the area covered. The orphanage, with a 
number of dwellings and two or three stores at the comer, all near the 
point of liberation, might be considered the most attractive point for 
house flies in the area. 

The environment of the traps undoubtedly affects the character of the 
entire catch and also the tendency for flies in their dissemination to linger 
near them and perhaps ultimately be' captured. For this reason the 
surroundings of each trap are briefly given. 

West, No. I, behind small grocery store, some refuse, no bams near; 
No. 2, under tree 50 yards from dairy bam and pen; No. 3, under tree 
near farmhouse, a few head of stock kept near; No. 4, by side of dairy barn^ ^ 
favorable conditions for house flies. North, No. i, in old pigpen near 
farmhouse; No. 2, in weeds near 'road and trees,'farmhouse 75 yards 
away; No. 3, in cornfield, about mile from any farmhouse, no attractive 
places near; No. 4, near farmhouse and bams, about K south of tlie 
village of Reinhardt. East, No. i, under shed at gin, horses in lot and 
farm about 50 yards away; No. 2, in edge of cornfield, no buildings 
nearer than mile; No. 3, in tall grass near small stream, nearest building 
about Vg rnile; No. 4, in old barnyard, numerous livestock in adjacent 
lot. South, No. I, in cornfield mile from southernmost buildings of 
Orphans’ Home, no others nearer; No. 2, under shed by grocery store, 
.several houses and Texas & Pacific Railway near; No. 3, in weeds in 
garden, farmhouse 40 yards away and several others in vicinity; No. 4, 
under .tree, farmhouse and, bams 50 yards south. 

The' pike road running east and'West from the point of liberation is 
heavily traveled by all kinds' of' vehicles, but especially' automobiles. 
The road to the south, has a moderate amount of travel and the road to 
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the nortli light travel. Freighting trucks and dairy wagons pass on the 
east and west road. 

On June 30^ at ii.oo a. m., a second liberation consisting of about 
25,000 flies marked with red chalk was made at the same point as the 
first. The species in this lot were in about the same proportions as those 
in the first release, with possibly somewhat fewer house flies and a few 
more screw-worm flies and Phormia regina. 

Immediately after these flies were liberated the flies in the recovery 
traps were killed and removed for examination, and these examinations 
were made at approximately daily inter\^als up to and including July ii, 
with the exception of July 2, 4, and 9. The bait pans were replenished 
each day that ^the flies were removed from the traps. 

It is interesting to note that the proportion of the species among the 
marked flies recovered is very similar to the proportion of those species 
among the flies released. These figures are given for comparison: Musca 
domestica, 70 per cent released, 77 per cent recovered ,* Chrysomya maceh 
laria^ 25 per cent released, 21 per cent recovered; Phormia regina^ i per 
cent released, 0.83 per cent recovered; Liicilia spp., Ophyra spp., Sarco- 
phaga spp., Synthesiomyia hrasiliana Brauer and Bergenstamm, i per 
cent released, 1.16 per cent recovered. It should be remembered that 
the percentages of the species released are only a rough estimate. The 
percentage of the different species in the total catch during the recovery 
period was not determined; hence it can not be compared with the 
marked flies released and captured. 

BISTANCn OF DISPERSION 

The essential data in these experiments as regards the number of flies 
recovered in traps set at different distances in different directions are 
presented in Table II. It will be noted that in general the closer rings 
of traps caught more flies than those at greater distances, although in 
the outside circle of traps the number of flies taken was greater than in 
the tliird ring. This may undoubtedly be explained, at least partially, 
on the basis of the more advantageous positions where some of the traps 
ill'the fourth circle were set. The influence of immediate environment, 
^ on the recovery of, marked flies will be discussed under some of the 
subsequent experiments. 



TAsm Il.—Firsf dispenion test at Dallas^ Tex. Species and sex of tmrJmd flies recovered in tings of traps about point of liberation 
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DIRECTION OR DISPERSION 

The data obtained in regard to the direction of flight were interesting ♦ 
The total ntnnber of marked flies recovered in the different directions from 
the point of liberation was as follows: West, 1,289; north, 1,745; 

1,184; south, 434. Of course the different species should really be dis» 
cussed separately in treating of the direction or distance of dispersion; 
the figures show, however, that for some reason the liberated flies of all 
species failed to be recovered in the traps south of the point of liberation 
in numbers in proportion to those recovered in the other directions. 
Considering the house fly and screw-worm fly in regard to the numbers 
traveling in different directions, it will be seen in the case of the house 
fly that 889 (24.66 per cent) were recovered in the west traps, 1,325 
(36.76 per cent) in the north, 1,067 (29.3S per cent) in the east, and 331 
(9.18 per cent) in the south. In the case' of the screw-worm fly 364 
(38.11 per cent) were recovered in the west, 3S8 (40.62 per cent) in ,the 
north, III (11.62 per cent) in the east, and 92 (9.63 per cent) in the south . 
traps. In an attempt to correlate these figures'wi'th the direction of the 
wind it appears that tliere is a tendency exhibited in'thisTest for both of 
these species to go witli the wind rather than against it, as will be seen 
by referring to climatological data in Table'III. The prevailing wind 
during the first five days was from the south and east. 

The fact that more house flies were recovered in the east traps than in 
the west is not quite in accord with the idea that they may have traveled 
largely with the wind, since there was no west wind but. a considerable 
amount of east wind. With Chrysomya macellaria, however, there were 
less than a third as many in the east traps as in the west, the north traps 
caught the greatest number, and the south traps less than one-fourth 
as many as %vere caught in the north. The fact that the wind was more 
or less choppy throughout the period makes it very difficult to draw any 
conclusions on its exact influence on dispersion. , Numerous other factors 
which must be considered also tend to make the drawing of conclusions 
on this point hazardous., 

If we attempted to account for the greater catch of flies in certain lines 
of. traps over others by the traffic along the highways we would expect to 
find the greatest dispersion east and, west, probably greater to the west, 
and about equal to the north and south, but such was not the case. 

Considering the possibility of the. attraction of feeding and breeding 
places or volume of odors, we would expect, at least for Musca do?msticaf 
the greatest movement westward toward the city of Dallas, but the 
figures do not accord with this idea. It is probable that the proximity 
of smaller centers of attraction, such as farmhouses, bams, etc., are'more 
effective in influencing the spread than more distant but larger attrac¬ 
tive areas. ' These' conditions,, however, were apparently quite, similar, 
in each direction. 'As Chrysoniya macellaria md Phormia regina bxq, 
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normally nondomestic, we would not expect the same distribution of these 
species as of the house fly, yet the proportions caught in different direc¬ 
tions are very similar. 

TabliS III .—Climaiological data relating to first and second dispersion tests at Dallas, 

Tex. 


Date. 

Temperature. 

Wind. 

Rain. 

Humidity',, 

Act¬ 

ual 

sun. 

Max. 

Min. 

Mean, 

Direction during: successive 
hours from 6 a. m. to 8 p. in. 

Velocity 

during 

day. 

Max. 

Min. 

Mean. 

19s6. 
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93 

74 
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8S 

47 

66 

88 

July X 

93 

70 

81.5 
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0 

84 
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97 

a 

9 ® 

73 

Sft. S 
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.48 
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RisnATioH OF snx xo dispersion 

Unforttmately the percentage of males and females among the flies 
liberated was not determined, hence no information can be gained from 
this test as to the relative proportion of the sexes among the flies recov¬ 
ered. It will be noted (Table II) that in the first ring of traps about the 
point of liberation 88 per cent of the marked house flies taken were 
females and 63.2 per cent of the screw-worm flies were females. In the 
second ring of traps the percentages of females of these two species were 
92.8 per cent and 70.7 per cent, respectively; in the third ring 92.8 
per cent and 78.3 per cent, and in the fourth ring 90.4 per cent and 75.5 
per cent. ' So few marked flies of the other species were recovered that 
the sex data on them will not be discussed separately. It is noted that 
' afnbng the 4,652 marked flies recovered 3,952' were females, or 84.9 per 
€^t., ' It' might be'supposed that if dissemination is induced largely by 
ihsrinOtive search for food and places to oviposit the females might tend 
to'travel farther 'than/the males, but the foregoing figures hardly justify 
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this concltisiofl, especially in the case of the house fly^ which showed a 
fairly uniform relation between the number of males and females caught 
in the different circles of traps. Among the screw-worm flies the females 
appear to have shown a slightly more marked tendency toward distant 
dispersion. 

RAPIDITY OP DISPERSION 

In this test it was not possible to get very accurate data on the rapidity 
with which the different traps were reached, owing to the fact that the 
traps were not examined at frequent enough intervals to get accurate 
figures. A number of specimens of house flies were recovered in every 
trap, including the most remote ones, the day following liberation when 
the first examination was made, and the vast majority of , all marked 
flies recovered had entered the traps at the end of the fourth day. 
Several specimens were recovered in nearly all of the traps up to the 
eighth day, and a few specimens were recovered after this, last being 
taken on the twelfth day. It is possible that some may have been 
recovered after this, but as a second liberation was made on that date it 
'Would be impossible to determine whether the flies belonged to the first 
or second lot. Computation of the percentage of the flies recovered on 
different days in the different circles of traps indicates that the marked 
flies reached the nearer traps somewhat sooner than the more distant 
ones. 

SECOND DISPERSION TEST AT DALLAS, TEX,, 1916 

On July II, 1916, at 12.45 P- about 8,000 flies, marked with red 
chalk, were liberated at the same point as in the previous experiments. 
These consisted of about 70 per cent Mmca domestica, 25 per cent 
Ckrysomyd macellaria, 4 per cent Phormia regina^ 1 per cent Lucilia 
sericaia^ Ophyra spp. and Sarcophaga spp., etc. On July 12, during the 
forenoon, a second liberation of about 25,000 marked flies was made. 
This lot was estimated at about 50 pet cent M. domestical 40 per cent 
C. macellaria, 9 per cent P. regina, and i per cent A. sericata, Sarcophaga 
spp., etc. Part of these flies were colored with' paint pigment known as 
**fast red" and others with powdered .chalk. At the time of release a 
7- or S-inile breeze was blowing from the south, the sky was clear, and 
the sun was very hot. 

In this test the traps in the first and second circles of the previous 
experiment were moved beyond the outer circle in the previous experi¬ 
ment, the traps in circles 3 and 4 in the previous experiment becoming 
numbers i and 2 in the present test. The environment of these eight 
traps has been mentioned in the discussion of the previous experiment. 
The positions of the outer rings of traps are briefly described as follows: 
West, No. 3, by farm lot in trees, stable and house '50 yards distant; 
No.,4, by grocery store in edge of city of Dallas.; North, No. 3, in edge 
of cornfield mile north of the village of Reinhardt; No. 4, in cornfield 
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yi mile from nearest farmliotise. East, No. 3, in weeds 200 yards east of 
a farmlioiise; No. 4, 100 yards fromfarinbiouse and pens where mnch live 
stock is kept. South, No, 3, tinder tree by small grocery store at cross¬ 
roads; No. 4, in village of Elam neat' storeS' and house. The distances 
from the release point to the traps are given in Table IV. 


TablB lY.—Second dispersion test at Dallas, Tex. Species and sex of marked flies 
recouered in rings of traps about point of liberation 
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sS. 

4.0 

0 

3 

2 

6 

0 

0 

0 

0 

0 

0 

0 

0 

2 

9 

11 

Total. 

t . . 

i "i 

! 0 ' 

; 13 

13 ' 

S 3 

2 

12 

0 

3 

0 

I 

0 

0 

V 

S2 

97 

4 W.'... 

1 . 1 ' 7 S 

!V 

1 r 

0 

9 

0 

X 

0 

I 

0 

iT 

0 

0 

0 

17 

17 





II 



<5 








4,5.. 

i S- 0 

0 

i ^ 

3 


0 

0 

0 

0 

0 

\ ® 

0 

0 

3 

7 

' ■ ’ so 


1 S’O 

0 

i 0 

0 

2 

0 

I 

0 

Q 

0 


0 

0 

0 

3 

3 

Total. 


i 0 

i 

14 

St 

0 

2 

0 

I 

0 

0 

0 

0 

14 : 

7 X 

ss 

Grand total.... 

i. 

i 

0 

1 146 

1 


208 

3 

24 

0 

V 

0 

2 

0 

X 

70 * 

3SS 

45S 


a Ophyra aenescens Wied. 


Since a single fly liberated at the beginning of the first test w^as recov¬ 
ered on July II, it is barely possible that other marked specimens liber¬ 
ated at that time 'were recovered after July 12. In this discussion they 
would be considered as liberated in the second series. 

In this experiment the number of colored flies captured was very much 
lessthan the number caught in the first test beginning June 30. The 
total number of marked flies recovered in the different directions from 
the point of liberation was 458, as compared with 4,652 in the first test. 
It is true that almost one-third more flies were liberated in the first test 
'than^ in this one, but the proportion of those recovered is much smaller. 
It, is ,also true that two of the rings of traps were much more distant from 
the point of liberation than in the first test; however, when we compare 
the catches in the two inner circles of traps in this test with the two outer 
ones'in the first—^positions which were the same in the two experiments— 
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we find that the percentage of marked flies recovered as compared with 
those liberated was 0.08 and 0.16, respectively (Tables II and IV). 

Another factor which should have reduced the proportion of the marked 
flies recovered in these two rings of traps in the first test was that many 
were captured in the two circles of traps nearer the point of release. This 
difference in the number of marked flies recovered in the two experiments 
seems to be chargeable logically to climatic conditions. On July ii and 
the following days the temperature ran markedly higher than during the 
period immediately after the first liberation, and the humidity ran corre¬ 
spondingly lower. This would have the effect of reducing the longevity^ 
and possibly causing flies to seek shelter and moisture rather than to 
disperse freely. 

The proportions of the several species among the marked flies released 
(estimated) and recovered, respectively, were as follows: Musca domestica, 
52 per cent and 32 per cent; Chrysovtya macellaria, 36 per cent and 60 per 
cmt; Phofmia regina, 8 per cent and 6 per cent; other species o.oi per cent 
and 1.53 per cent. The hot weather was probably a greater inhibiting 
factor in the case of the house fly and P. regina than in that of C. macel- 
laria. The optimum temperature is higher in the case of the last species. 
The make-up of the total catch in the recovery traps was not determined, 
but it was evident that there was a marked decrease in the total catch 
toward the end of the period and a marked reduction in the number of 
P. regina captured, 

DISTANCie OF DISPERSION 

■ Numerous marked specimens of Musca domestica and Chrysomya 
macellaria reached the more distant ring of traps, several specimens of 
both species being recovered in trap No. 4 east, 5 miles from the point of 
liberation, and three specimens of C. macellaria in No, 4, 5 miles south. 
Not a single M, domestica was recovered in No. 4 south, however. 
Phormia regina also reached the outside ring of traps, one' speci¬ 
men being taken in No. 4 south (5 miles), one in No. 4 west (3.75 
miles), and many in No. 3 west (3 miles). One specimen of Ophyra 
leucostoma Wied. was recovered in No. 4 west (3.75 miles) and one speci¬ 
men of O. aenescens Wied. in No. 3 north (3.4 miles). Only two 
specimens of Sarcophaga spp. were recovered, one in No. 3 west (3 miles) 
and one in No. 2 north (2.4 miles). ■ The number of flies recovered at 
different distances is shown in detail in Table IV. 

DIRECTION OF SPREAD 

The individual species should be treated separately, but the several 
species, recovered in the different directions seem to remain in about 
the same proportion with the exception of Phormia regina, which showed 
amiarked tendency to go westward, 20 specimens' (77 per cent) being 
taken in the west line of traps, while only two were taken in the traps, in 
- 4 
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eacli of the other directions. The large number of marked flies taken 
in the lines of traps west and north as compared with those taken in the 
traps east and south strongly indicates that there was a tendency in this 
experiment also to travel with the wind, as the prevailing wind during 
the first nine days was from the south to east, and during the first five 
days the wind was almost constantly from tlie south and southeast. 
The respective number and percentage of house flies and screw-worm 
flies recovered in the different directions were as follows (based on total 
number of marked specimens of each species): West, 67 (45.89 per 
cent) and 104 (37.68 per cent); north, 50 (34.25 per cent) and iii (40.22 
per cent); east, 21 (14.38 per cent) and 46 (16.67 per cent); south, 8 
(5.48 per cent) and 15 (5.43 per cent). All but one of the specimens of 
Ophyra and Sarcophaga were recovered in the west and north traps. 

The influence of traffic along the roads on dispersion would be prac¬ 
tically the same as in the first test; .that is, the principal traffic was east 
and west of the point of liberation. ' Heavy traffic also passed between 
No. 3 and 4 north nnd 3 and 4 south. 

SKx IN reuation' to migratory tendency 

In this test it is noteworthy that not a single male house fly was 
recovered. With the screw-worm fly the percentage of females recovered 
was 75.3. This percentage was remarkably uniform in the different 
directions from the point of liberation, ranging from 71.7 on the east line 
of traps to 76.9 on the west line. Considering the distance of dispersion 
of the males and females of the screw worm there is a slight indication 
'that there was a greater tendency toward wide dispersion among the 
'females than among the males. It may be worthy of note that the 
females appeared to enter the various traps in greater numbers during 
the early part of the recover}^ period than did the males. For instance, 
the percentage of males entering all of the traps during the first three 
days of the test was about 21, while during the remainder of the recovery 
period it was 45, This should not be construed as meaning that the 
males were necessarily slower in dispersion, but they may have displayed 
less eagerness to find food and-hence to become entrapped. 

RAPIDITY OP DISPERSION 

Comparatively few marked flies were recovered in the traps when 
'emptied the first day after liberation. This was especially notable, in 
the fourth ring of traps (3,75 to 5 miles from the point of liberation) 
where only a single specimen ■ of Chrysomya macellaria was' recovered. 
The recoveries the second day Quly 13) were markedly larger than the 
first, this day gi'ving the maximum daily catch (134) of C. macellaria for 
the period. This species seemed on this day to be generally distributed 
.throughout the ^ea,'nearly all traps showing a marked decline in the 
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nttinber captured after this date. The house flies appear to have become 
widely disseminated by the end of the second day, and the maximtijii 
number was recovered on the fourth day (July 15). This maximum^ 
however, was not attained through large numbers being captured in the 
more distant traps but by an increased catch in tlie two inner rings. 
The trapping was continued until July 26, the last C. macellaria being 
captured on the eleventh day (July 22), one specimen appearing on that 
date in each of traps No. 4 north and No. 4 south. The last house flies 
recovered were taken on the same date, one each in No. i south and 
No. 3 south. In No. 2 north 7 house flies were recovered on July 21, 
a much larger proportion on this late date than was observed in any 
other trap. The total in this trap was 29. 

Several Phormia regina out of a total of 26 recovered were taken soon 
after liberation, one appearing in No. 2 west and three in No. 3 west on 
the first, day. The last P, regina was recovered on the tenth day 
(July 21) in No.' 3 west. 

There were too few specimens of Ophyra liberated or recovered to 
draw conclusions, but it may be stated that the first specimens recovered 
were taken in No. 3 west, No! 2 north, and No. i south (one in each) on 
the third day after liberation and the last in No. 2 ivest on the seventh 
day (July 18), 

THIRD DISPERSION TEST AT DALLAS, TEX, , 

The evidence secured in the second test very clearly indicated that the 
maximum distance of normal dispersion of the various species of flies 
was far greater than the outer circle of traps in that test, vrhich was 
approximately 5 miles. Accordingly plans were laid for another test to 
determine if possible the maximum 'distance of dissemination. For this 
test the region lying to the north of Dallas was chosen. The point of 
liberation selected was approximately 7 miles from the edge of the city 
of Dallas on the main north and south thoroughfare known as ''Kings 
Highway.'' This region is highly developed agriculturally, being thickly 
dotted 'in all directions with farms, most of which maintain some live 
stock. The contour of tlie country is not m,arkedly different from that 
where the first and second tests east of Dallas were conducted. Within 
the area under consideration are a number of creeks bordered with woods 
of greater or less width. For the most'part, however, the country is 
open cultivated land more or less closely covered with a network of roads, 
several steam railways, and one electric line. As has been stated, the 
point of liberation was on the most heavily traveled highway running 
north from Dallas. On this road, about 4 miles south 'Of the point of 
liberation, is the town of Vickery Jabout 100 population) and to the north 
I m'ile the town of Richardson (500 population), Plano (1,700 population)^ 
6K miles, and Allen (300 population) 13 miles. To the east are a number' 
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of small commHiiity centers within a radius of 4 miles from the point of 
liberation and the towns of Garland (1,400 population) 6 miles, Rowlett 
(150 population) 10 miles, and Rockwall (1,400 population) 16 miles* 
To the west are also several community centers and the towns of Farmers 
Branch (250 population) 9K miles and Carrollton (575 population), 10 
miles. 

Fairly direct though not hea^y traveled roads lead east and west from 
near the point of liberation. The traffic on the east road outward from a 
comer sH miles east of the point of release is heavy, being probably equal 
to that north and south of the point of release. The traps were set along 
these highways wh^ere they could be examined and rebaited expeditiously. 

The principal roads, location of towns and main streams, and their 
relation to the point of release and the recovery traps are indicated on the 
accompanying map (fig. 2). It will be noted that the north line of traps 
bears somewhat to the east of due north from the point of release and 
those to the south are about 2 miles west of south, while the east traps 
were about i mile south of east and those to the west practically due west. 
Sixteen recovery traps were utilized, four being set in each direction from 
the release point. These were 18-inch cone traps. The immediate 
environment of the traps may be described briefly as follows: West, No. i, 
4^ miles, under shed in cotton field, no stock near except chickens; No. 2, 
6' miles, adjacent to hogpen and near mule bam on faitn; No. 3, 7 miles, 
under shed by mule bam, cow lot, and hogpen; No. 4, 8.1 miles, by crib 
next to hogpen and cow lot. North, No. i, 4.1 miles, under hedge near 
hogpen; No. 2, 5.6 miles, in old hogpen near bam, mules and chickens 
kept'; No. 3, 6.3 miles, under seed house at gin in edge of town; No. 4, 7.8' 
miles, under hedge in cotton field, no stock on farm. East, No. 1, 4.7 
miles, under empty com crib, no stock near; No. 2, 6.2 miles, under water 
tank by horse bam; No. 3, 7.2 xrdles, adjacent to hogpen and mule bam; 
No. 4, S miles, in vacant shed one-third mile from main road and 100 yards 
from stock bams. South, No. i, 4.6 miles, near house in edge of village, 
no live stock near; No. 2, 6.1 miles, adjacent to house, bams, and hogpen; 
No. 3, 7.3 miles, in shed near yards with all classes of live stock; No. 4, 
8.2 miles, under tree in edge of city. 

On September 17, the day prior to liberation,' all traps were baited with, 
fresh gut slime, and they were all rebaited on September 23 and 27 and 
October 3. Beginning with September 20, and continuing until Septem¬ 
ber 28,, the flies were killed and examine daily in all traps. The traps 
were not emptied on September 29, October 1,2, and 4 (except No,' i and 
2'"south). October 5 was the last date when all traps were emptied and 
th'e last date upon which any marked flies were recovered. On October 7 
,ah .'flies in traps 2 and 3 south, and on October 8 all flies in traps 4 west and 
4 south were killed-and examined, but no mai'ked flies were found. 
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On September 18, between 10 and ii a. ni., about 20,000 marked iiies 
were liberated, and between 3 and 4 p. m., 40,000 were released. These 
flies were secured by means of traps at an abattoir in Balias, the first lot 
being taken between noon of the previous day and 9 o block on the morn¬ 
ing of release and the second lot between 9 a. m. and 2 p. m. on the same 
date. The flies were transported to the point of release in screened 
cylinders containing green branches. They were then well colored with 
powdered red crayon by placing the cylinders in a canvas bag. When 
liberated the flies appeared to be very hungry, and many of them clung 
to our clothing and bodies in an effort to secure moisture, but the vast 
majority flew into the air, some apparently going up 20 or 30 feet and 
disappearing in all directions, but seemingly more going northward than 
in other directions. At the time of release the sky was clear and a gentle 
breeze was blowing from the south. The maximum temperature for the 
day was 95® T. All flies were brushed off clothing and cylinders, and 
two stops were made after the scene of release was left in order to make 
sure that no colored flies were following. 

The proportions of the different species released were about as follows: 
Musca domestica 42.32 per cent, Chrysomya macellaria 54.90 per cent, 
Phormia regina 1.25 per cmt, Sarcophaga spp. 1.25 percent, Luciliaseri* 
caia 0.14 per cent, Ophyra leucostoma and O. aenescens 0.14 per cent. 
The approximate averages of the species in the entire catch in the 16 
traps were: Musca domestica 44 per cent, C. macellaria 44 per cent, 
P, regina i per cent, Ophyra spp. 0.06 per cent, Lucilia spp. i per cent, 
Sarcophaga spp. 8 per cent. 

The proportion of the species among the marked specimens recovered 
was Musca domestica 20 per cent, Chrysomya macellaria 78.84 per cent, 
Ophyra aenescens 1.16 per cent. No marked specimens of Phormia 
regina, Lucilia sericata, or Sarcophaga spp, were captured. Comparing 
these percentages with the percentages of the species released, we note 
that the percentage of Ophyra recovered is over eight times, C. macellaria 
slightly less than one and one-half times, and M. domestica less than 
one-half the percentage released. 

DISTANCE or DISPERSION 

As iS' shown in Table V, the number of'marked house flies reaching 
the four concentric rings of traps from the center outward was 30, 23, 
II, and 5, a total of 69. Expressing this in percentages, we have 43.5, 
33.3, 15.9, and 7.3. The maximum distance recorded for this species in 
this test was 8.1 miles in ti'ap No. 4 west, where three marked flies were 
recovered. This was almost equaled in trap No. 4 east (7.9 miles) 
where two colored house flies were recovered. 
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Table V,— Third dispersion test at Dallas, Tex. Species and sex of marked flies recovered 

in rings of traps about point of liberation 


Trap 

No. 


Dis¬ 
tance] 
from 
place 
of re¬ 
lease.] 


Musca domestica. 


Num¬ 

ber. 


Per cent. 


Chrysomya macel- 
laria. 


Num¬ 

ber. 


c? 9 


Per cent. 


Opkyfa amies- 
cans. 


Num¬ 

ber. 


<5' 9 


Per 

cent. 


S 9 


Total. 


Num¬ 

ber. 


Per cent. 


Grand 

total 

(ntini- 

ber). 


IW... 
iN... 
I E.... 
iS,... 


4*5 
4.1 
4-7 
4.6 


33*3 
00. o 
00. o 
10. o 


66. 7 
100- o 
100.0 
90.0 


10.4 
16. S 

25. S 

10- 5 


89* 6 
84. 2 
74-2 
89- 5 


II. 8 
14 - 04 | 
24. 2 
10. 4 


S' 3 . 2 
85. 96] 
75-8 
89-6 


Total.. 


6. 67 


93 - 33! 


14.8 


85. 2 


162 


14. 29 


8 S- 711 


2 W.... 

aN. 

2 E. 

2 vS. 


6.0 

S-6 

6 . 

6.1 


23. oSj 
II. I 


roo. o 
76.92, 


4.8 


S &9 


95-2 
100. o 
100. o 
76.9 


4 -S 
15. o 


t8.3 


95-3 
Bs-o 
100. o 
81.8 


Total.... 


3: 7 - 39 


8S.61 


92.6 


89. 61 


3 W... 
3N.... 

3 vS..,. 


4W.... 
4N.:.... 
4E..,.. 
4S. 


<S- 3 i 
7.2 
7*3! 

Total... 

8 . 1 ' 


40.0 

25*0 


ICO. 0 

60.0 

7 S -0 


100. o 
100. o 


40. o 
10 . 0 


100. 00] 
60. o 
90.0 
100., o 


72.7 


87-5 


S. o 
8.2! 


Total.,, 


Grand 

total.. 


;ioo.o 
100. o 


10. 7 
o. o 


89-3 
100. o 
77-8 


I 

13.04! 86.96! 


240 II. 76) 83 . 2. 


10. 7 
. o 
22. a 


100.0 

89*3 

100. o 
77-8 


90.9 


87. S6 


51 

57 

33 

'48 


189 


aS 

7 


As will be noted, a considerably larger number of marked Chrysomya 
macellaria were recovered, the total being 272.' Of these, 155 (57 per 
cent) were taken in the first ring of traps, 54 (19-8 per cent) in the 
second ring, 13 (4.8 per cent) in the third ring, and 50 (18,4 per cent) 
in' tile fourth ring. It' will be noted that a considerable number of' 
marked flies' of this species were taken in each of the traps in the outer 
ring, which is approximately 8 miles from the point of liberation, the 
maximum distance being 8.2 miles in No. 4 south, where 9 colored flies 
were recovered. The comparatively small number of marked screw- 
worm flies taken in the third ring of ti'aps is noteworthy, but this can be 
explained largely on the basis of the comparatively unfavorable loca¬ 
tion of these traps for the collection of this species. This matter will 
be'discussed subsequently. 

The only other species of marked flies captured' was Ophyra aenescens, 
four specini'ens of which were taken in No. i north, 4.4 miles from the 
'point of liberation. 
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Table VI. Third dispersion test at Dallas, Tex, Species and sex of marked Jlies recovered 

in different directions from point of liberation 


Trap 

No. 


Dis- 
[t a rice! 
from 
pkce 
of re¬ 
lease. 


Musca domestica. 


Ntmi" 

ber. 


Per cent. 


Chrystymya macel- 
laria. 


Num¬ 

ber. 


Per cent. 


Ophyra aenes- 
cans. 


Num¬ 

ber. 


Per 

cent. 


Total. 


Num¬ 

ber. 


Per cent. 


Grand 

total 

(num¬ 

ber). 


iW.... 

2 W.... 

3 W.... 

4W..,. 


Miles. 
4 ‘ 5 
6.0 
7.0 
8.1 


Total... 



4. I 

i 0 


5.6 

3 

SN.... 

6.3 

’2 

4N... .| 

7.8 

t 0 

T< 

3tal... 

^ 5 

2 E . 

4 - 7 

0 

a E. 

' d 2 

0 

3 ® . 

7 - 2 ' 

I 

4E...,. 

1 8. Q 

0 

Tc 

! 

>taL.. 

X 

iS . ' 

4.6 

1 

3 S. 

6.1 

I 

3S . : 

7*3 

0 

4S . 

8. 2 

0 


Total... 


Grand 

total..! 


10. o 

11. 2 


9 

67.0 

TOO. O 
100.0 
ICO. o 


88.8 


100. o 
77.0 
60- o 


84- Ss! 


7S'0 

lOO.O 


87.5 


90. o 
88.8 


89.4 


86.96 


d 

10.4 
4.8 


IS-S 


64 


10. 6 
23.1 


II. 76 


o 

89^6 
95-2 
TOO. O 
TOO- O 


84. 2 
100.0 


89-3 


S7- 7 


74-1 
100. o 
[ 100.0 
lioo. o 


85.5 


S9.4 

76.9 

1 I 00.0 

7.7 


S5.7 


SS. 24 i 2 


d 

II. 8 

4 -S 


83 


7.S 


T4. 55 


14. 04| 
15.0 
40. o 
10. 7 


9 

88 . a 
95*5 
100. o 
IC«2. O 


92.2 


8s- 96 

Ss.o 
60. 0 
89.3 


[ 85 - 45 


75-S 
100. o 
90.0 

ICO. 0 


10 . 4 
iS. 2 


13-4 


Ss- 7 


S 9‘6 
81.8 
100. 6 
77 ‘ 7 


S&.6 


87.56 


5 X 

22 

6 


33 

13 


48 


345 


BIRISCTION OF FLIGHT 

In Table VI tiae numbers of marked flies recovered in tbe different' 
directions from the point of liberation are set forth. In considering 
the house fly from the standpoint of the direction of travel as indicated 
by the number of marked specimens recovered, probably the most strik¬ 
ing fact is that 33, or 47.8 per cent, of the marked flies were taken in the 
four traps to the north of the point of release, and the next largest num¬ 
ber'—19, or 27.5 per cent—^were recovered in the traps in the opposite 
direction. The catches to the west and east were almost identical, the 
west with 9 flies, or 13 per cent, and the east with 8 flies, or 11.6, per, 
cent. 

In considering the factors which might influence dissemination of the 
house fly we immediately think of the attraction of feeding and breeding; 
places, the character and amount of travel along the highways, and the 
direction and velocity of the wind. • The attraction of odors from towns 
and cities would tend to favor the migration to the north and south, 
since there are several towns located along the north line' of traps and a 
few to the south and east. If the flies are inclined to go toward odors 
borne a considerable distance on the wind, one would expect a greater 
number, to tlie south, since the volume of odors from the city of D'allaS' 
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XYOtiid be stronger tliaa tliat origmatmg elsewhere. If the attraction 
exerted is of more limited range, so that the proximity of farm buildings 
and small towns would exert the greater influence, we would probably 
find the greater number of specimens to the north, east, and south, 
trhich agrees fairly w^ell with the facts. 


Table VII .—Climatological data relating to third dispersion test at Dallas, Tex. 


Date. 

lemperature. 

Wind. 

Rain. 

Humidity. 

Ac^ 

tual 

sun. 

Max. 

Min. 

Mean, 

Direction during successive 
hours from 6 a. m. to 

8 p. m. 

Velocity 

during 

day. 

Max. 

Min. 

Mean. 

mS. 

*F. 

*F. 

“F. 


Miles. 

Inch. 

P.d. 

P.ci. 

P. ci. 

P.d. 

Sept iS... 

92 

66 

78.5 

2 E.. a SE., 8 S., 2 SE. 

5 to 10 

0 

78 

36 

57 

80 

19. .. 

79 

62 

70. s 

iS.,sNE.,6E.,2NW'. 

Sto 21 

0. 57 

6s 

56 

60 

34 

20 ... 

6S 

5 S 

61.5 

i 4 N... 

7 to 13 

0 

72 

SS 

63 

70 

21... 

70 

47 

S8.S 

3 N., 6 E.. 2 NEm 4 E. 

I to 9 

0 

83 

34 

sS 

too 

72... 

76 

SX 


2 E.* IS SE., IS. 

6 to 9 

0 

67 

33 

SO 

; 99 

23.. J 

80 

£3 

66.5 

2 E., 12SE...... 

4 to S2 

i ® 

6t 

25 

43 

99 

74 ... \ 

Ss 

5 S 

70, 0 

6SE-,iS..4SE.,3S . 

7 to 17 

0 

68 

45 

S6 

93 

as-.i 

87 

60 

73 'S 

SSE.,6S.,3SE.,...; . 

10 to 20 

0 

Ss 

52 

68 

78 

s5...' 

72 : 

63 

67 ‘S 

3E.,3N.,iNE.,7NW . 

4toix 

.86 

83 

69 

76 

2S 

27 -..i 

72 ' 

SS 

63. s 

4 N.. r NW.. 0 N. 

4 to 14 

0 

78 

43 


75 

aS...! 

75 

4S 

61.5 

12 NW., 1 W., 1 NW. 

; 4tO 9 

0 

S 7 

35 

6 x 

too 

29.. .1 

8s 

52 

68.0 

6 W., 3 NW., 2 NE ..3 E.... 

a to 7 

} 0 

73 

29 

SI 

99 

30..-i 

88 

60 

74.0 - 

5 W., r SW., 4 S.| 4 E. ...... 

3 to 7 
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As will be seen by referring to Table VII, the period during which this 
test was conducted was extremely unfavorable for determining the 
possible influence of wind on the dissemination of flies. During the 
entire period of recovery there was no considerable number of consecutive 
days in which the \rind was constant. In other words, the wind condi¬ 
tion would be expressed as ''choppy,’^ and with its continual varying 
from one quarter to another it is almost impossible for one to weigh the 
wind influence on dissemination in this test. For 7 hours following the 
liberation of the first lot of flies there w^as blowing a 5- to lo-mile breeze 
from the south. It is conceivable that the flies when liberated drifted 
rapidly northward with the wind and that many' were subsequently 
carried back and in other directions with the wind changes. The assump¬ 
tion that they traveled -with the wind is hardly borne out by tlie recovery 
of'Several flies in the south traps on the next day (Table VIII) and by the 
recovery of four flies in the east traps on September 22, where they must 
have'gone at right angles to or against the'wind. Moreover, there is 
stT'Ong evidence, as indicated by the collections of m,arked house flies in. 
the four traps to the west of the point of liberation, that' there is no pro¬ 
nounced' tendency'ior them to travel with' the wind, or at least that 
tendency'" is easily''overcome by other influencing factors. During the 
feat 5 days' of ;the test' not, 'a single marked house fly was recovered in, 
the West traps, and during this period the prevailing wind during the hours' 
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of iy activity was from the east and southeast, 44 hotirs of wind being 
from those directioiis while the wind came from other directions for 37 
hours, 16 of these being from the north and 7 from the northeast while 
no west or southwest wnnd whatever was experienced. The fact that 
all the flies captured in the west line of traps were taken on two days, 
September 24 and 25, 5 on the former and 4 on the latter, is peculiar, 
but no explanation is apparent. The prevailing wdnd on these tivo days 
was from the southeast and south and on the tw’o days preceding from 
the southeast, while during the days preceding September 22 and 
succeeding September 25 no southwest wind was experienced during the 
period when marked house flies were being recovered. 

The question of the amount of traffic along the highways was men¬ 
tioned in the introductory remarks on this flight experiment. It is 
certainly true that there is far more traffic along the highway running 
north and south from the point of liberation than to the east and ivest, 
and this corresponds with the greatest dissemination. There is, how¬ 
ever, heavier traffic to the south of the point than there is to the north, 
but many less flies were recovered. There is a comparatively small 
amount of traffic which would induce house flies to congregate and 
follow loads over any of the roads. No doubt the most attractive 
carriers would be milk wagons going into Dallas and returning to the 
rural districts, and these are not very nimierous on the highways to the 
north. Other slow-moving vehicles would consist mostly of loads of 
cottonseed hulls and meal, which are not attractive, and miscellaneous 
groceries and supplies which would not be considered especially attrac¬ 
tive. No garbage or manure is hauled over the roads in any direction. 
The major part of the traffic consists of passenger-carrying automobiles 
and some motor trucks. At the time this test was being carried on 
there were many families with various kinds of household goods and 
food driving teams north and south on the main highway. These 
slow-moving covered wagons might readily serve as a means of trans¬ 
port for house flies for some distance. 

The dissemination of Chrysomya ^nacellaria in the different directions 
was much more uniform than that of the house fly. Of the total of 272 
marked screw-worm flies recovered, 81, or 29.8 per cent, were recovered 
in the four traps to the west, 73, or 26.8 per cent, to ,the north, 55, or 
20.2 per cent to tlie east, and 63, or 23.2 per cent, to the south. The 
screw-worm fly, which is not especially attracted by urban conditions 
or habitations and is not inclined to come to or be carried by vehicles 
unless loaded ■with meat or meat products, would not be expected to 
show the same tendencies in dissemination as the house fly, and this 
seems to be indicated by the number of marked flies recovered in the 
different directions. With choppy wind conditions it would be equally'as^ 
hard to determine the wind influence on this species as on 'the house fly. 



TabU^ YJTt^^^Third dispersion test at Dallas, Tex, Number of marked Musca donimtica and Chrysomya macelkif ia captured on successive dates after 
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Pei^entage of marked Aiusca domestim caught each day based on total marked M, dofnestica recovered. 
b Percentage of markai Chrysomya macellaria caught each day based on total marked C. macellana recovered. 
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It is peculiar tkat all four of the specimens of Ophyra mmscms were 
taken in a single trap^ No« 1 north. Little is known of the habits and 
responses to various stimuli of this species, but we usually think of it as 
being most abundant under rural conditions and in no sense a domestic 
species. These flies appear to be attracted to a considerable extent 
by carcasses in their last stages of decay and to some extent by hog 
manure. 

RAPIDITY OP FLIGHT 

Probably the best method of indicating the rapidity of dispersion 
from the point of release is by tabulating the number of marked speci- 
mens recovered in the various traps on succeeding days. These data 
are given in Table VIIL While it ^ might appear that the house fly 
traveled very slowly to the west, none being recovered' during the first 
5 days, the fact that some marked specimens were taken in the most 
remote recovery trap in that direction on that date w-ould indicate that 
this must be explained on some other basis than the' time required to 
reach tlie traps. It will be noted that one marked specimen was taken 
in trap No. 3 north, 7. i miles from the point of liberation, on the day 
following release, and two specimens were taken in trap No. 2 south, 6.1 
miles, on^the same day. ' The first specimen reaching No. 4'east, 7.9 
miles, was on the fourth day after release. As no marked specimens w'ere 
captured in traps No. 4 nortli and No, 3 and 4 south, any further state¬ 
ment as to the rapidity of dispersion to the outside of the 8-mile circle 
is hazardous. The fact that more marked flies were taken in the re¬ 
covery traps on the first day than on any subsequent date after release 
indicates that spread of this species is rapid. 

The large number of screw-worm flies recovered in all the traps on the 
first day after release indicates a very rapid and thorough dispersion 
of this species promptly after release. It is notable that more marked, 
specimens were taken in the outside circle of traps, approximately 8 
miles, on the first day foUowing release than on any subsequent day.: 
Of course the recoveries were affected markedly by temperatures as 
indicated by the comparatively few specimens taken on September' 21 
and 22 and the larger number taken September 24, which was a'mild 
day. No doubt low temperatures would retard dissemination, but 
they would also have the effect of rendering the baits in the recovery 
traps less attractive and hence, even though the marked flies were' in 
the vicinity, they might not be captured. 

It would appear that in the case of neither the house fly nor the screw- 
worm fl'y were 'the recoveries any more gradual in the outer rings of 
traps than in the closer ones. In other words, 'there did not seem to be 
any percolation of the flies outward from' the point of release. This, of 
'Course, would be influenced, by the choppy wind condition already men¬ 
tioned, provided &e wind is a dominant factor in dispersion, , 
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Tkree of tlie four specimens of Ophyra aenescens vrere taken on the 
third day following release and the other on the fourth day. This species, 
which is ordinarily thought of as having little power of flight, has shown 
rather remarkable powers of dissemination in this instance. 

RELATION OF Snx XO DISPERSION 

The proportion of tlie sexes of flies released, based on examination of 
a considerable number of specimens killed at the time of release, w'as: 
Males, Musca domestica 25.6 per cent, Chrysmnya macellaria 15.6 per cent, 
Phormia regina nonet Luciliasericatanoin^, Ophyra spp. none, Sarcophaga 
spp. 22.2 per cent. It will be noted by referring to Table V that the per¬ 
centage of male M. domestica recovered (13) was not greatly different 
from the percentage (15.6) released. It is rather strange that one-half 
of the Ophyra recovered were males, while no males were noted in the 
material examined at the time of liberation. 

Referring to Musca dofuestica, the proportion of males to females 
increased from the nearer circle of traps (6.7 per cent) outward to the 
third circle (27.3 per cent), but no males were caught in the outer circle. 
This does not indicate that this sex is more limited in distance of dis* 
persion, since only 5 specimens were taken in the' outer circle and the 
proportion of males to females was so small that the chance of re¬ 
covering any among that number was meager. The maximum distance 
of flight of any male house fly was 7.2 miles, one specimen being recovered 
in No. 3 east. The proportion of sexes of this species in the different 
directions was about the same (Table VI), ranging from about 10.6 per 
cent males in the traps to the south to 15.2 per cent in the traps to the 
north. . ^ 

In the case of ^Ckrysomya macellaria the proportion of males to females 
varied consid.erably in the rings of traps at different distances, but not 
in a way to show any relation between sex and distance. The per¬ 
centage of males in the first ring of traps (4.5 miles) was highest (14,8) 
and in the third ring lowest (none). The same erratic results are also 
apparent in the proportion of sexes in different directions, but tlie average 
percentage of males taken in the traps in the different directions is not 
very different, ranging from 7.4 in the west line of traps to 14.5 in the 
east line. 

RBEAl^IOH OF POSITION OF TRAPS TO THE RECOVERY OF MARKED FOIES 

^At the outset in these dispersion studies it became apparent that 
'the environment of the recovery traps had a marked effect not only on 
the size'^of, the catch but on.the proportion of tlie, species. 'In other 
words, certain situations occupied by recovery traps were preeminently 
house-fly situations while in others the blowflies'' dominated/' As an 
iUustration; the^ results in'the case of traps'No.and 4 north may be 
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cited. The first of these was in a village and most decidedly a house-fly 
environment, as indicated by a catch of 361 gm., of which 92 per cent 
were house flies. No. 4 was in a field removed from human habitations 
and hence more favorable for screw-worm flies. Here 78 per cent of the 
548 gm. taken were screw-worm flies. Now note 'the number of marked 
flies recovered: Trap No. 3, 5 house flies and no screw-worm flies; trap 
No. 4, 28 screw’-worm flies and no house flies. 

It seems evident that those positions favorable for the capture of large 
numbers of one or more species of flies must be in the favorite haunts of 


o /o jeo 30 ^ so eo 



'Big, s.—Diagrain siiowing percentage of each species taken in each direction from point of liberation in 
the third dispersion test at Dallas, Tex. First, percentage of house flies in each direction as csompated 
■with total house flies caught; second, percentage of marked house flies as compared with the total marked 
house flies recovered; third, percentage of scrcw-worm flies in each direction as compared ■with total 
catch of this species: fourth, percentage of marked screw-wonn flies as compared with the total marked 
screw*worm flies recovered. 

the species so taken and that marked specimens in their movements 
wouldy like others, tend to congregate in such positions. Furthermore, 
it would appear that those traps so located' as to catch the largest number 
of flies of a given species would have a better chance of capturing marked 
specimens. It is true that,the occurrence of favorable breeding and 
feeding places in the immediate environs of a trap .would favor large 
catches, but these very conditions would tend to assemble migrating 
marked individuals near the trap. 

It was at first thought that by weighing the relative advantages nf the 
positions of the traps in the capture of house flies and S'Crew-woriH' 
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an index migM be worked out and thus the difference in position equal¬ 
ized and the normal dispersion of the marked specimens be determined 
more accurately. This matter upon study became so complicated and 
so many unknomi factors entered that it was dropped. It was finally 
concluded that a comparison of the relative positions might be made by 
comptiting in the forni of percentage the relation between each of tliese 
principal species in the catches in the difierent traps and the total catch 
of each of the species in all the recovery tops. And again the percentage 
of marked flies of the two species in each trap as compared with the total 
marked flies of each species recovered in all tops was computed. 

These two percentages—the percentage of total house flies and per¬ 
centage of marked house flies taken in each trap—should approximate 
each other in size if all other factors such as distance, direction, etc.^ 
'were eliminated. The same is true of the screw-worm fly. On the other 
hand, if the difference in these percentages is great, we must conclude 
that some other factor than mere local emdroninent of the trap is domi¬ 
nant. These data are presented in Table' IX and figure 3. 

XABtn IX .—Weight and proportion of catch of Musca domesiica and Chrysomya maceh 
hria compared with 7itimber and proportion of these species among marked specimens 
recovered in third test at Dallas, Tex. 
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FOURTH DISPHRSION TEST AT DALLAS, TBX. 

Since marked specimens of both the house fiy and the screw-worm 
fly were recovered to the maximtiin distance aflorded b}?' the recovery 
traps in the third dispersion test, it was decided to perform another 
experiment with the recovery stations at still greater distances from the 
point of liberation. The same point for liberating the flies was used in 
this test, but owing to difficulties encountered in collecting the flies and 
rebalting the recovery traps to the north it was deemed advisable to 
set only two traps in that direction. The number of traps to the south 
was also decreased to two; the number east and west was increased to 
five in each direction, and one trap was placed in the southeast quadrant 
and one in the northeast quadrant in order to show more clearly whether 
or not the flies were following the main arteries of traffic which run ap¬ 
proximately north and south and east and west. 

The location of the traps in this test is indicated in figure 2. Their 
immediate emflromnent and distance from the point of liberation were 
as follows: West, No. i, 9.5 miles, in the edge of the town of Farmers 
Branch, some poultry and a cow on adjacent lot; No. 2, 10,9 miles, near 
farmhouse, hogpen, mule and cow lot adjacent; No. 3, 13.2 miles, under 
tool shed at a ranch headquarters, considerable live stock kept near by; 
No. 4, 15,8 miles, under sheep shed on farm, horses, mules, and hogs 
near; No. 5, 17.8 miles, against chicken house on farm, some hogs and 
mules 100 yards aw^ay. North, No. i, 13.14 miles, in edge of town of 
Allen, in yard near hogpen; No. 2, 16.85 ™i^s, in old bam on farm, 
hogs and mules in barnyard. East, No. i, 9.3 miles, on farm, hogs, 
cows, and horses in barnyard; No. 2, 10.8 miles, under shed on farm, 
many pigs, sheep, and other animals in yard and small slaughterhouse 
100 yards distant; No. 3, 13.i miles, under water tank on farm, all 
classes of stock in adjacent yard; No. 4, 15.i miles, under shed on farm, 
mules, hogs, and cattle near; No. 5,'17 miles, in shed adjacent to hog¬ 
pen on farm, mile beyond town of Rockwall. South, No. i, 8.2 miles, 
under tree in edge of Dallas, no live stock near* (same situation as trap 
No,' 4 in previous test); No. 2, 9.7 miles, at.laboratory in middle of 
residential section of Dallas, live stock kept in yard. ' Southeast, .so 
designated, one trap 7 miles From point of liberation being 2.5 miles 
east of south, }4 mile northwest of town of Reinhardt, under shed by 
barn, livestock in yard. Southw'est, so designated, one trap 10 miles 
from'point of liberation, 4 miles south of west'from that point, placed 
by empty bam with house, hogpen, and horse lot near by. 

The traps to the west,,north, east, and south were located on the same 
roads as in the previous test. The southeast trap was near, a main 
highway running northeast from Dallas to Garland, where it forms 
Juncture with a macadamized road running east from the' point of libera- 
'tion. Very little if any'traffic would pass directly by ,the point/ctf 
liberation and around by this trap. 



758 


Journal of Agricultural Research 


Vol. XXI, No. 10 


The southwest trap was located on the main highway rttnning north¬ 
west from Dallas. The traffic on this road was of about the same char¬ 
acter and ainoimt as on the road from Dallas north by the point of 
Iberation. There was practically no chance of any vehicles going from 
the point of liberation by this trap and no roads giving direct conununica- 
tioii between the two points. 

On October lo the first liberation was made. On the preceding day 
the traps were all placed and baited with fresh slime, as in the preceding 
experiments. About 25,000 flies colored with unfading red (paint pig¬ 
ment) were released at 11 a. m. These were secured by means of traps 
set at a packing house on the previous evening. At the time of liberation 
the sun was partly clouded and a slight breeze was blowing from the 
south. Many of the flies went several feet into the air and flew in all 
directions, while others settled on the hedge and vegetation near by. At 
4.30 p. m. the same afternoon about 20,000 flies taken in traps at the 
packing house since the morning were colored in the same way and 
released. At that hour it was cloudy and cool. The flies did,not show 
a tendency to remain on the cages and on the persons of the writers as 
in the previous experiment. Most of them settled on the hedge and 
other vegetation near. 

On October ii, at ii a. m., a third liberation of about 15,000 flies was 
made. These flies were secured the previous afternoon at the packing 
house. At 4.30 p. m. an additional lot of about 20,000 flies colored in 
the same way was liberated. The clouds were heavy and a light shower 
,fell just prior to liberation. 

A sample of the flies liberated on the first day was examined to deter¬ 
mine the proportion of the species and sex. The results were as follows: 
Musca domesiica 66.4 per cent, Chrysomya macellaria 28.5 per cent, 
Pkarmia regim 3 per cent, Liicilia sericata i per cent, Ophyra spp. 0.7 
per cent, Hydroiaea deniipes Fab. 0.4 per cent. The estimated percent¬ 
age of species in the lots liberated on the succeeding day agreed closely 
mth these figures. 

The approximate averages of these species in the total catch in the 16 
recovery traps were: Musca domesiica 68 per cent, Chrysomya macellaria 
13 per cent, Phormia regina 10 per cent, Ophyra spp. 1 per cent, and other 
species S per cent. . 

Of the 39 marked flies recovered 33.3 per cent were Musca domesiica, 
23.1 per cent Chrysomya macellaria, 41 per cent Phormia regina, 2.6 per 
cent Ophyra leucosioma. The large percentage of P. regina recovered, 
'as'compared with the other species, is striking. This may nO' doubt be 
^plained in part at least by the fact that tlie cooler temperatures of' fall 
^'’Wete^niore favorable for the diffusion and recovery of that species 'than 
of. the house fly 'and screw-worm fly. In this experiment, as, in the last, 
ithe^percentage of marked house flies,recovered is about one-half of the 
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percentage of tMs species liberated and also about one-haK of tbe per¬ 
centage of this species in the total collection in the recover}"" traps. 

It should be stated that the weather conditions encountered in this 
test were somewhat adverse, especially as regards variable winds (Table 
XI). Furthermore, the lateness of the season probably had a markedly 
adverse influence on the spread of some of the species, notably Chrysomya 
macellaria, which is preeminently a waim-weather species. The test 
was carried out at a time when the activity and number of C. macellaria 
were declining and the reverse was true in the case of Pkormia regwo, 
which predominates as a fall and winter species. This is clearly indi¬ 
cated by the diminution in the percentage of these two species of flies 
taken in the various traps. During the early part of the period the total 
captures in certain traps averaged about 20 to 40 per cent C. macellaria 
and 7 to 10 per cent P. regina^ while toward the end of the period the 
percentage of C. macellaria dropped to 5 or 10 and P, regina increased to 
20 or 30. The total numbers of house flies captured were fairly large 
throughout the period. 

Owing to the distance which it was necessary to traverse in emptying 
the recovery traps and rebaiting them it was deemed best to make the 
rounds about every three days, hence for the most part the traps were 
emptied, rebaited, and the flies examined on October 12,15,18,21, and 29, 
and others were examined on November 4 and 14. The only notable 
exception to this arrangement was trap No. 2 south, which was emptied 
daily after October 15. The bait in this trap was thus given somewhat 
better attention, and this gave it a slight advantage over the other traps. 

DISTANC:^ on DISPERSION 

, The distance the different species of marked flies had traveled is shown 
in Table X. It will be noted that in general in the nearer traps ranging 
from 7 to 11 miles the major part of the marked flies were captured. . In 
the more distant' traps ranging from 13 to 15 miles only two marked 
flies were recovered, while in the traps approximately 17 to 18 miles'from 
the point of liberation no liberated flies were taken. The maximum dis¬ 
tances recorded for the four species of flies recovered were: Mnsm 
domesiica 13.14 miles, Chrysomya macellaria .15.1 miles, Pkormia regina 
10.9 miles, Ophyra lencoskrma 7 miles. 

50937 *^— 21 -- 5 
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Tabl:® dispersion ksi at Dallas, Tex. Species and sex of marked flies recov^ 

ered in rings of traps about point of liberation 


Trap No. 

Dis¬ 
tance 
Iroto 
place oi 
release. 

Mtisca 

domestica. 

Chrysomya 

‘maceUaria. 

PImtmm 

regina. 

Ophyra 

ieucostoma. 

Total 

Grand 

total 



d 

$ 

d 

2 

d 

$ 

d 

9 

d 

9 


S, B..... 


0 

6 

0 

0 

0 

a 

I 

0 

X 

8 

9 

1 S., . 

8.2 

0 

1 

0 

1 

0 

1 

0 

0 

0 

3 

3 

I W. 

9-5 

0 

0 

0 

3 

0 

IIM 

0 

0 

0 

4 

4 

I E. 

9-3 

0 

I 

0 

0 

0 


0 

0 

0 

2 

I 

a S........ 

9-7 

0 

3 

0 

t 

t 



0 

I 

7 

8 

SW... 

10.0 

0 

0 

0 

3 

0 


S 

0 

0 

5 

S 

Total. 


0 

4 

0 

s 

X 

Hi 

■ 

0 

r 

17 

18 

a W....,. 

X0.9 

0 

1 

0 

a 

0 

3 

0 

0 

0 

6 

6 

a E. 

10.8 

0 

0 

0 

0 

0 

I 

0 

0 

0 

I 

I 

Total. 


0 

I 

0 

a 

0 

4 

0 

0 

0 

7 

7 

2 N... 

13-14 

0 

I 

0 

0 

0 

0 

a 

0 

0 

I 

1 I 

3 W.. 

13 -S 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


3 E ... 

13 .x I 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

Total.. 


0 

I 

0 

0 

0 

0 

0 

0 

0 

X 

I 

4 S'.. 

15-8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 E ... ! 

iS-x 

0 

0 

0 

r 

0 

0 

0 

0 

0 

X i 

X 

Total.' 


0 

0 I 

0 

X 

0 


0 

0 

0 

'1 

X 

s W.i 

17.8 

0' 

0 

0 

0 

0 

0 

0 

0 ' 

01 

0 

0 

a N.^ 

16.85 

0 

0 

0 

0 

0 

0 

0 

0 ; 

0 i 

0 

0 

3 E. 

17.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

© 

0 

Total.■ 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Grand total, 


0 

n 

0' 

9 

I 

IS 

X 

0 

a 

37 

39 


Tabi.:^ XI ,—Climatological data telaihtg to fourth dispersion test at Dallas, Tex. 
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DIRECTION OR DISPERSION 

The variation in the distances at wHch the traps in different directions 
from the point of liberation were located makes it somewiiat more 
difficult to determine the tendencies of the marked flies to travel in 
different directions. Although the southeast trap was nearest to the 
point of liberation, it is notable that in it six flies, nearl}^ 50 per cent of 
the marked house flies, were recovered, the next largest number {4) being 
in the two traps to the south, one in the east, one in the north, one in the 
west, and none in the southwest, thus showing mth this species a tendency 
to travel toward the south and southeast. On the other hand, the 
tendencies as regards direction of flight of Chrysomya jmcellaria and 
Pkormia regina appear to differ considerably from those of Musca 
domesiicaj but are themselves similar. Four (44.4 per cent) C. macella- 
fia and five (31.25 per cent) P, regina were taken in the west traps, 
two (22.2 per cent) C macellaria and three (18.75 cent) P. regina in 
the southwest traps, two (22.2 per cent) C. macellarm and five (31.25 per 
cent) P, regina in the soutli traps, one each (ii.i and 6.25 per cent) in 
the east traps, and two (12.5 per cent) P: regina in the southeast, thus 
showing in these species a tendency toward migration to the west, south¬ 
west, and to a lesser degree to the south. 

As is shown in Table XI, the wind during this entire period of recovery 
was very choppy. During the first 2 days after release there was some 
south and southeast wind, but aside from this there was during the 
recovery period a very marked predominance of north and northeast 
wind. This would seem in the case of the two blowflies to indicate a 
tendency to travel with the wind in this test. Up to the end of October 
16, when recoveries of marked blowflies had nearly ceased, there was 
experienced during the daylight hours 68 hours of wind from the north, 
northeast, and east, compared with 17 hours from the west, southwest, 
and south. The drawing of conclusions on this point, however, would 
seem unwarranted owing to the extreme variability of the wind during 
the test. ' " ■ 

A considerable number of house flies taken in the southeast trap and 
of blowflies taken in this and the southwest trap indicates still further 
that dissemination by following vehicles along the roads is probably 
not an important factor in this or the previous tests. 

In this test, as in the previous one, the variable wind made it difficult 
to determine whether attractive odors such as those produced' by towns 
and' cities are an important influence in determining direction or dis¬ 
tance of flight. ' 

relation of sex'TO DISPERSION 

In, this test all of the 13 marked house flies recovered were females, 
as were the 9,screw-worm flies and all but, (6.25 per cent) of' the, 16 
specimens of Phortnia regina i The only specimen of 'Ophyra lemostorm 
taken was a male.' 
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TIae proportion of sexes among tlie released flies as indicated by 
examinatioti of a sample at the time of release was: Mti^sca domestica^ 
34 per cent males, 66 per cent females; Chrysomya macellaria, 6 per cent 
males, 94 per cent females; Phormia regiw^ 22 per cent males, 78 per 
cent females; Ophyra leucostorna^ 100 per cent males; Lucilia sericata^ 
100 per cent females. In the case of the house fly we would have 
expected to recover a few males if that sex had shown migratory tenden¬ 
cies equal to the female, but with C. nmcellafia the percentage of males 
released was so small and the number of marked flies recovered so few 
that we would hardly expect to recapture any males. 

RKUATION BKtWnnN POSITION OF TRAP AND NUMBER AND SPECIES OF 

fdies captured 

As in the previous test, the number and percentage of different species 
of flies captured in the different traps varied considerably. During the 
period covered by the test a total of 12,811 gm. of flies were taken. 
In this test the average catch per trap of all species was: West, 762 gm.; 
north, 1,212 gm.; east, 5S7 gm.; south, 1,229 gm.; southeast, 454 gm.; 
southwest, 732 gm. The size of the total catches in different traps in 
either direction varied greatly, especially in the five traps to the west. 
It appears quite certain that traps set in situations favorable for flies 
and where a comparatively large catch is obtained would be more likely 
to 'Capture marked individuals coming to, that locality. Furthermore, 
those traps which are situated most favorably for catching house flies 
would, other conditions being equal, show a larger percentage of marked 
house flies as compared with marked blowflies, and the reverse is equally 
true. This factor probably had some influence on the results in the 
present test, although the comparatively small number of marked flies 
captured makes the drawing of conclusions on this point nnwarranted, 

LONGEVITY OF MAFKIEI) FLIES 

In addition to the fact that we are concerned with the possible adverse 
effects of handling and marking the flies used in these various tests, 
there, is presented an opportunity, of; determining the facts as to the 
longevity of several . species of flies under natural or unrestrained 
conditions. 

' It is apparent also that longevity must, play an important part in the 
securing of records, on dissemination by the method used in these tests. 
Since few flies were colored in proportion to the area covered by the 
'.recovery traps, especially in the last two tests, and since under such 
conditions we can hope to' capture, but a small portion of the flies in the 
or^ even in the vicinity of the traps, each additional day of life and 
activity of the marked flies enhances 'the chances of capturing them. 

In the several tests the following records of longevity were .obtained: 
'First'test at Dallas .',(radius .of:dispersion 3 ruiles), Musm domesticaii to 



Atig. IS, 192X 


Dispersion of Flies by Flight 


763 


12 days, Chrysomya macellaria 7 to 8 days, Phormia regina ^ 5 to 6 days, 
Lucilia serimia 5 to 6 days, Sarcoplmga spp. ii to 12 days, Ophyra 
leucostoma 3 to 4 days. Second test at Dallas (radius of dispersion 
5 miles), M. domesiica 9 to ii days, C. macella^ria 9 to ii days, P. regim 
8 to 10 days, SarcopIta<ga spp. 2 to 4 days, O. aemscens 6 to 8 days. 
TMrd test at Dallas (radius of dispersion 8 miles), M. domesiica 15 days, 
C. macellaria 17 days, O. aenescens 4 days. Fourth test at Dallas (radius 
of dispersion 17 miles), flP damestica 8 to 9 days, C. ^nacellaria 10 to ii 
days, P. regim 10 to ii days, O. leucostoma i to 5 days. 

In considering the radius of dispersion it should be borne in mind 
that the marked flies may not necessarily have remained constantly 
within the circle with the radius given but may have returned into it 
after more extended travel. 

STIMULI AFFECTING DISPERSION 

The evidence gained points toward the operation of several stimuli in 
initiating and governing dispersion. Under the conditions obtaining 
in nature these stimuli seem to be so blended or mixed as to make it 
impossible to weigh their relative importance or, in fact, to determine 
the nature of some of them. It seems probable that the strength of 
these stimuli and^ even their character yqtj with different species. 

The importance of food and favorable breeding places as stimuli is 
clearly shown by the recovery of the greater numbers of specimens of a 
species in traps located near favorable feeding and breeding grounds. 
Behind this immediate desire of the individual to obtain food and find 
a suitable breeding place there appears to be an inherent tendency to 
disperse. There seems to be some evidence that the house fly was in-^ 
fiuenced in regard to direction of dispersion by the proximity of farm 
buildings and towns, indicating spread from one attractive point to' 
another, rather than long sustained flight. 

The recovery of males as well as females far from the point of libera¬ 
tion indicates strong dispersion tendencies in that sex as well as in ^ the 
females. Since mating does not usually take place immediately after 
emergence, it is no doubt important for the males to seek breeding places 
where tlie females are to be' found, and tliey are also attracted to food 
though not so strongly as are the females. 

The question has often been asked, do the flies when liberated tend 
to return to their original habitat; in other words, is the homing instinct 
developed? ' These tests were not planned to detern3dne this point, 
though they happen to give data on it. The figures presented under 
the discussion of direction, of flight clearly show that there is no marked' 
tendency for any of,the species to travel backTow'ard their original 
place'of 'capture. ^ In th'is, connection it should be remembered 'that in 
the, first and 'second tests at Dallas the west 'traps were nearly in:line 
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from tlie place of capttire to the point of release, and in the third and 
foiirtli tests the south traps were about in line. 

Climatic influences are unquestionably important in relation to the 
spread of these species of Diptera, Probably temperature, humidity, 
sunshine, wind (direction and velocity), precipitation, barometric pres¬ 
sure, and electrical phenomena each exert an influence. It is dilflcult in 
experiments of this kind to weigh reliably these various factors because 
the results are extended over a considerable period with a corresponding 
change in meteorological conditions, and hence an equalizing of the 
effects of the stimuli. Those factors which would stimulate activity, 
such as high temperatures and sunshine, are no doubt potent. Another 
stimulus is probably to be found in those combinations of climatic 
conditions experienced witli the change of seasons. This seasonal 
stimulus may account for the marked activity in dispersion and food¬ 
seeking found in P. regina in the fourth experiment. 

' COMPARATIVE TENDENCIES OF THE SPECIES TO DISPERSE 

The relative tendencies of the several species toward dispersion' are 
suggested by a comparison of the percentages of marked specimens 
recovered with those liberated and those in the total catch in the recovery 
traps, , These figures indicate that this tendency is more marked ' in 
Chrysomya mmellaria than in Musca domestica. The percentage of 
marked C. macellaria as compared with the total marked flies re¬ 
covered in all of the distant migration tests nearly equaled or sur¬ 
passed the percentage of that species among the flies liberated, while 
in M. domestica the percentage of marked specimens recovered was 
approximately one-half of the percentage liberated. Under favorable 
climatic conditions for the species, Phormia regma showed a very strong 
migratory tendency, the percentage of marked specimens recovered in 
the third test being 14 times the percentage of 'that species in the release. 
Ophyradeucosioma and O. aenescens also exliibit a decided tendency 
toward dissemination, the percentage .of marked specimens of these 
species recovered being in all cases greater tlian in the liberation.. , The 
number of specimens of other species liberated was too few to be used 
in this comparison, but several appear to travel quite freely. 

SUMmRY AND CONCDUSIONS 

The dispersion of several species of flies important in 'the economy 
of man, both as carriers of disease and as parasites of man and animals,, 
is discussed in this paper. 

The experiments carried out show that under rural and,urban condi¬ 
tions flies have marked powers of diffusion. 

The maximum distance of spread from the point of release as recorded 
in these tests was as follows for the several species: Musca domestica^ 
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I3«i4 miles; Chrysomyamacellaria, 15.1 miles; Phormiaregina, 10.9 miles; 
Ltwilia sericata, 1,2 miles; L. caesar, 3,5 miles; Synihesiomyia hrasiliamif 
0.5 mile; Sarcophaga spp., 3 miles; Ophyra leucostoma^ 7 miles; 
mnescens^ 4. i miles. 

The estimated total number of marked flies liberated in ail the experi- 
ments reported upon was 234,000. 

In these tests it is considered that too few individuals of species other 
than Musca domesiica^ Chrysomya macellaria, and Phormia regina were 
liberated to form a reliable guide to their dissemination tendencies. 

Marked flies of all species dispersed in all directions from the point of 
liberation. 

Among the stimuli inducing dispersion the desire for food and the 
desire for places for oviposition appear to be among the strongest. 

V The fact that many towns, farmhouses, and other favorable feeding 
and breeding grounds were passed by the flies shows that Musca domes- 
UcOj Chrysomya fmcellaria, and Phormia regina at least are not satisfied 
by the mere finding of these places but have marked migratory habits. 

Chrysomya macellaria evinces stronger tendencies toward migratioii' 
than does M domesiica. This tendency in Phormia regina under opti¬ 
mum climatic conditions for the species is probably equal to that in C. 
macellaria. The other species were liberated in numbers too few for con¬ 
clusions to be drawn, but Ophyra leucostoma and O. aenescens show 
marked ability to travel considerable distances. 

The exact relation between direction of dispersion and direction of 
wind could not be determined from the results of these experiments 
because of the choppy wind conditions experienced. There appears to 
be a tendency for Musca domesiica and Chrysomya macellaria to go with 
the wind in greatest numbers, but they are shown to travel against and 
at right angles >vith it as well. It is concluded that under natural con¬ 
ditions the influence of moderate winds on dissemination is not of great 
importance. 

The evidence gained justifies the conclusion that the passing of vehicles 
along the highways was not a dominating factor in the dispersion of 
any species of flies in these tests. This does not mean, however,' that 
flies under other conditions may not be widely scattered by artificial 
means. 

These tests show that the house fly, screw-worm fly, and black blow¬ 
fly spread rapidly for many miles. Chrysomya macellaria was recorded 
about 8 miles from the point of liberation in less than 24 hours and lo 
miles in less than 48 hours after liberation- Phormia regina was recovered 
about II miles away in less than 48 hours after release. Musca domes¬ 
iica was recovered over 6 miles from the'point of release in less than 24 
hours.- . ' , 

Males as well ns females of the principal species used in these experi¬ 
ments may travel many miles. 
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Tie maximum longevity of tie marked flies after liberation as siown by 
tie records of capture was: Musca domestica 15 days, Chrysomya macel- 
hfia 17 days, Phormia regina 10 to ii days, Ophyra aenescem 6 to 8 days, 
Sarcophaga spp* ii to 12 days. 

While in tie fourth experiment no'marked flies were captured in tie 
more distant traps (about 17 miles from the point'of release), it is the 
authors' belief that the limits of dispersion were not reached in that 
test and that where great numbers of flies are emerging constantly the 
distance traversed may be much farther than the maximum here deter¬ 
mined. 

The facility with which flies travel many miles emphasizes the im- 
portance of the general application of sanitary measures looking toward 
the suppression of fly breeding. 



BACTERIOLOGICAL AND CHEMICAL STUDIES OF DIF¬ 
FERENT KINDS OF SILAGE 

By ChahlBS a. HuNT:gR/ Bacieriologisti Pennsylvania Agriculiural Experiment 

Station 

INTRODUCTION 

The aim of this investigation was to study the nature of the fermenta¬ 
tions taking place in silage composed of a mixture of silage crops. The 
investigation was occasioned by the fact that there seems to have been 
considerable disagreement in the conclusions drawn by different inves¬ 
tigators. Through a review of the literature it vras noted that plant 
enz3n2is were first thought to be the important factors. Recently it 
has been shown that microorganisms appear to play an important part. 
Those who favor this latter conclusion claim that the production and in¬ 
crease in acidity are caused by bacterial action. Still more recently 
some investigators have stated that fermentations were due to the com¬ 
bined action of plant enzyms and microorganisms and that the former 
of these w^^as the more important factor. 

It is definitely known that as silage fermentations take place there 
an increase in the volatile and nonvolatile acids and ammonia nitrogen. 
It has been claimed that the hydrolsis of protein is first caused by enz3uns 
and later by microorganisms. 

Com, kafir corn, cane, com stover, alfalfa, and alfalfa with a carbo¬ 
hydrate supplement have all been used to make the silage upon which 
different investigators have worked; In a search of Experiment Station 
literature the author was unable to find that any bacteriological and 
chemical studies had been made on silage composed of a mixture of silage 
crops. It waS' therefore deemed desirable to study two of the most com¬ 
mon silage mixtures now used on Pennsylvania farms—Canada field peas 
with oats and com with soybeans. The nature of fermentations in 
silage made from these two mixtures was studied in the seasons of 1918 
and' 1919. 

REVIEW OF LITERATURE 

Babcock and Russell (i, a)'® found that silage would undergo fermenta¬ 
tion even when treated with chloroform, ether, and benzene which inhib¬ 
ited the growth of microorganisms. They found also that the amount 
of heat and acids increased and concluded that' this was the result' of " 
mtrainolecular respiration. E. J. Russell (id) came' to nearly the same 
conclusion as Babcock and Russell in deciding that plant cells and 

^ special credit is due'Prof. S. 'l. Beclidel, of tlie 'Departmeut of Dairy Husbandry, who stored the crops, 
ki tiie large silos, assisted very materially m, the securing of the representative samples as they were needed 
from time to time, helped make the determinations of the total and volatile acids, and gave invaluable 
assistance in preparing the manuscript. 

® Reference is made by number (italic) to ” Idterature cited/' p. 7 $ 3 - 7 S 9 ' 

.Journal of Agricultural Research, , ' " ' VoL XXl,No.;io 

Wasiimgton. D. C,: * ' ' ‘ '' Aug. is* 

» ' ' ^ ' ' (7^7)'. ■ >K:cyXo.:P^.-xa,'' 
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enzyiES were tlie primary and essential factors in silage fermentation 
and tliat bacteria played a minor part, 

Bsten and Mason ( 6 ) attributed the fermentation largely to the work 
of bacteria and yeasts. They concluded that there were three chief fer- 
mentations^ lactic acid, alcohol, and acetic acid. The primary change 
was the fermentation of sugar by organisms similar to the common milk- 
souring organisms which converted it to lactic acid. The secondary 
change was produced by yeast which converted the remaining sugar to 
alcohol, the acetic acid bacteria then oxidizing the alcohol to acetic acid. 

Samarani (i/) believed that the sugars were transformed to alcohol 
and later oxidized to acetic acid by respiration of plant cells. The for¬ 
mation of lactic acid was the result of the action of a bacillus and a coccus 
which he found in almost equal proportions. He thought the organisms 
were the same as those that are common in milk fermentation. 

Hunter and Bushnell (ij) conclude that microorganisms cause the 
major fermentation of silage. They found large numbers of organisms 
belonging to the bulgaricus group present and state that these organ¬ 
isms are responsible for the high acid content of silage. Organisms 
belonging to the bulgaricus 'group and the colon group produce the 
greater part of acetic acid. Sherman (i 8 ) has also shown that silage'^ 
contains large numbers of the organisms belonging to the bulgaricus 
group. ' ' 

Lamb (14) states that— 

neither microorganisms nor plant enzymes are alone responsible for the changes in 
silage fermentation. 

Microorganisms are largely responsible for the production of acid and 
the disappearance of sugars. He also states that the formation of alco¬ 
hols and the hydrolysis of protein as indicated by the amino-nitrogm 
content are primarily due to cell respiration, although later in the fer¬ 
mentation microorganisms show some activity in both processes. 

Hunter (zi) has shown' that the heat production in forage silage is 
due to microbial activity and not to intramolecular respiration of 'plant 
tissue. In his studies on alfalfa silage (12) he found that alfalfa alone 
made a silage of inferior quality but that upon the addition of an available 
carbohydrate supplement a good quality of silage could be produced. 
The protein hydrolysis of alfalfa silage as indicated by the ammo-nitrogen 
and ammonia determinations was greater than when a carbohydrate 
was present. Round (15), working on ^the fermentation of sauerkraut, 
iound that cell respiration plays a more important part than waS' for¬ 
merly thought. 

; . Sherman and Bechdel (19), working on the fermentation of com 
^ver silage, found that it undergoes fermentation'similar to com silage. 
The following statement is also made: 

Trom a review of. the'present status of the question as to whether bacteria or plant 
'cehs ,are mainiy responsible for silage fermentation, it is concluded that the' data, thus 
far pubhdied are inconclurive. ..Mthough, the results' of the present study tend to 
support the cell respiration theory^ ^concluridns on this point are withheld. 
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ME^THOD OF PROCEDURE 

Two main sets of experiments were planned—^first, field experiments; 
second, laboratory experiments. Several investigations were planned 
under each set. It was planned to make an analysis at the time of 
storage, every other day for a week, every three days for the next week, 
and then once every week until the silage was about a month old. There 
were times in making these analyses when it was necessary to' deviate 
slightly from the original plans. 

SIEOS 

The two silos used in storing the different kinds of field silage were of 
the monolithic concrete type with inside dimensions of 8 feet in diameter 
and 30 feet in height. The walls, 6 inches in thickness, were nonporous 
and the inside was made' smooth with a coat of plaster. To afford a 
means of sampling, pieces of 2-inch water pipe 6 inches long were placed 
in the wall at the time the silos were constructed. These sample holes 
were located 3 to 5 feet apart all the way around the silos to a height of 
12 feet and were plugged. 

The samples used in all tests were obtained by making repeated bor¬ 
ings through these holes with a 2-inch auger. A new hole was used for 
obtaining material for each successive analysis. The auger was provided 
with an extension shaft 8 feet in length so as to penetrate to the center 
of the silo. 

The silos used for laboratory experiments consisted of quart milk bot¬ 
tles, stoppered with rubber stoppers wired in, and sealed with paraffin. 
One bottle of silage was used for each day's analysis. 

BACTERIOLOGICAE METHODS 

Samples of silage were collected from the concrete silos in sterile con¬ 
tainers and taken to the laboratory. In order to secure a representative 
sample the silage was passed through a sterile meat grinder. Twenty 
gm. of this silage were placed in 200 cc, of sterile physiological salt solu¬ 
tion, This was thoroughly shaken, and further dilutions were made. 

Totae number of microorganisms. —In determining the total num¬ 
ber of bacteria, plain agar was used. No doubt a somewhat greater 
niiinber of' organisms could have been obtained with a carbohydrate 
medium, but relative increase or decrease in the number would have 
been the same.' 

Totae acid froducers. —^Dextrose litmus broth and dextrose cresol 
purple broth were used. Dextrose litmus broth was prepared 'by using 
I per 'Cent dextrose broth to which litmus had been added. Cresol purple 
solution was made by dissolving 0.4 gm. of ' di-bromo-ortho-cresol- 
sulphonphthalein in a minimum amount of alcohol and making up "to i 
liter with water. Forty cc. of this were added to i Titer of' dextrose 
broth. ^ The broths were inoculated with different dilutions,of the silage 
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infusioH and iactibated. Acid formation in the cresol purple broth is 
indicated hy a yellow color. This color was very distinct^ and only a 
ti'ace of acid present caused the broth to change from purple to yellow. 
In litiiiiis the results were at times rather indistinct; moreover, the litmus 
was not as sensitive to small amounts of acid as cresol purple. Cresol 
purple was used 50 times in comparison with litmus. Cresol purple gave 
more organisms 14 times; litmus gave higher results 9 times; and equal 
results were obtained 27 times. Expressed in percentage, the gxeater 
number of bacteria were found in the cresol purple solution in 28 per cent 
of the times, in litmus 18 per cent, and in equal numbers 54 per cent. 

ConoN-AUROGUNEs GROUP. —Bile lactose broth and lactose broth 
were used to determine the number of colon organisms present. Dun¬ 
ham fermentation tubes containing approximately 10 cc. of respective 
media were inoculated with i cc. of various dilutions of the silage infu¬ 
sions. The number of organisms present was determined from the 
tube' showing gas in the highest dilution. In^ order to verify' the pre¬ 
sumptive test, 'Colon organisms were isolated at different intervals* 

. Bile lactose broth and lactose broth were used 55 times in comparison 
with each other. ' Lactose broth gave more organisms 8 times, bile 
lactose broth gave more 11 times, and equal results, were obtained 36 
times. In terms of percentage, lactose broth gave' the greater number of 
organisms in 14.6 per cent of the determinations, bile lactose in 20 per 
cent, and equal results v/ere obtained in 65.4 per cent. 

Buugaricus. —^The plate method was used to determine the number 
of' bulgaricus organisms present. One per cent dextrose agar was 
used to which i cc. of a 'i per cent solution of sterile acetic acid was 
added at the time the plates were poured. From time to time organisms 
belonging to the bulgaricus group were isolated and identified. 

Yeast. —^The dilution method was used to determine the number of 
yeasts present. One per cent dextrose broth in Dunham fermentationi 
tubes was inoculated with i cc, of the dilutions of silage extract. ^ The 
formation of gas was taken as an indication that yeasts were present* 
This, however, was confirmed by microscopic examination. 

Protein mgesters. —Gelatin was inoculated with i cc. of the various 
'dilutions and incubated at 37^ C. The gelatin upon being removed from 
the incubator was placed in a refrigerator.' Gelatin which lias been 
digested 'Will not 'solidify upon cooling; hence' by taking the highest 
d'ilution showing liquefaction the number of' protein 'digesters could'-be 
d€.termined. ■ '' : '' ' ' ' , 

^All media used were made according'to standardmaethods'and...were 
titrated'; ".with' brom-thymol blue Tdi-brom-thymol-sulphonphthalein):* 
This gave':tke'media a hydrogen concentration'Of 6.4-7.6' {4). , The'period 
of incubation, was,seven days at.37^ C.'', Direct .microscopic counts of 
the silage juice were ,in'ade''with Breed^s' method., ,TEe results 'Obtained 
compared very favorably with'those necnred 'by the "plate method. 
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CHEMICAL METHODS 

J'rom the sample of silage the juice was expressed and used for the 
chemical analysis. 

Total acidity. —^Ten cc. of juice were diluted with 990 cc. of distilled 
water and titrated with N/io barium-hydroxid solution, using phenolph* 
thaleiii as an indicator. 

Volatile acidity.— Twenty-five cc. of juice were subjected to steam 
distillation under reduced pressure. One liter of distillate was secured 
and titrated immediately with N/io barium hydroxid, using phenol- 
phthalein as an indicator. Experiences in other investigations have 
established the efficiency of this method (5). 

Amino nitrogen. —^The amino nitrogen was determined by the use of 
the Van Slyke apparatus (20). 

Ammonia nitrogen. —^The ammonia was determined by the use of 
Folin’s method, using 25 cc. of juice and aerating for at least eight hours. 

Albuminoid nitrogen.^ —^Tliis was run on the first and last sample 
of most of the silage. It was determined by Stutzer's method. 

Total nitrogen.^ —^The total nitrogen was determined by the Kjel- 
dahl method. 

Moisture. —One thousand gm. of a well-mixed sample of the, silage 
were placed in an air-drying oven for at least three days. 

FIELD EXPERIMENTS 

Three separate field experiments were performed: 

I. Canada field peas and oats, 1918. 

II. Canada field peas and oats, 1919. 

III. Corn in comparison with corn and soybean mixtui'e, 1918, , 

EXPERIMENT I. CANADA FIELD PEA AND OAT SILAGE, 1918 

The crop of oats and peas was seeded May 6 and stored in the silo 
July 17. The oats were in the milk stage of growth and the peas vrere' 
well formed in the pod. The fresh green mixture at the time of ensiling 
contained, on the average,' 18.4 per cent peas. On account of the 
extremely dry weather for the two weeks just previous' to harvesting, 
the moisture content was rather low, being only 70 per cent. The 
silage mixture kept very well and was eaten with relish by the cows on 
the experiment.. Feeding was not begun until August 8 so as not to 
interfere with the method of securing samples. The results of the bac¬ 
teriological examination are given in Table I. 

1 'The analytical work of determining the total and albuminoid nitrogen was done by Mr. Walter Thomas*' 
Assistant Chemist of the Pennsylvania Agricnltnral Experiment Station. 
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From the results in Table I it can be noted that the oats and Canada 
field peas at the time of ensiling contained a large number of organisms* 
The acid“producmg organisms were predominating. Organisms belong¬ 
ing to the bulgaricus group were present in very small numbers. Yeasts 
and organisms belonging to the colon group were present in large num¬ 
bers. There were few protein digesters present at the time of ensiling. 
As fermentation progressed the number of acid formers remained fairly 
constant for the first eight days and then slightly decreased. The 
bulgaricus group increased rapidly for the first four days; then there 
was a gradual decrease. The number of yeast and protein digesters 
did not decrease as they did in some of the later experiments. One 
reason, no doubt, was the fact that the silage material was cut very 
coarse so that the silage did not compact properly, and air pockets 
were formed. The count upon plain agar shows an increase, then a 
decrease. The number of organisms belonging to the colon group 
increased, disappeared on the eleventh day, and then increased. 

It is true that the changes which apparently took place in the silage 
might possibly be ascribed to variations in the samples of silage which' 
were taken from different parts of the silo, but on account of the pro-, 
gressive nature of the changes taking place as shown by the increase 
in numbers of bacteria and in the formation of chemical compounds it 
would seem probable that the changes were due to the agents causing 
the fermentation. 

EXPERIMENT II. CANADA ElEED PEA AND OAT SILAGE, I919 

The crop in 1919 was seeded earlier than in 1918 and was ready for 
the silo on July 3. The growing season was also very dry in 1919 until 
about two weeks before harvesting, and as a result the crop yield was 
low. The moisture content of the fresh green material was 73.8 per 
cent, or a little higher than that of the 1918 crop. The percentage of 
peas was also slightly higher, being 21.1 per cent in tliis investigation. 
A feeding test was conducted in which the silage was compared with 
ordinary com silage for milk production. It proved to be very good 
feed, and the cows consumed it in large quantities with very good results 
in milk production. 

,Table II shows the bacteriological results obtained from this experi-, 
ment. It can be noticed that the predominating group of organisms 
were the acid producers, of which a large percentage, no doubt, belonged' 
to the bulgaricus group. After the first day of fermentation practically 
no organisms belonging to the colon group nor any yeasts were present. 
There were few protein digesters present. 

The chemical results given, in Table III show a decided increase in 
tlie 'total acidity, volatile acidity, and amino mitrogen during 'the first 
few days of fermentation. , This was then followed by a gradual increase' 
,until the twenty-ninth day, when analyses were ,stopped., Ammonia 
.determination fluctuated but showed gradual increase. / 



II, Results of haeieriohgical exnminaiion of Canada field pm and oat silage in concrete silo 
{Expressed in nunifaer a( bacteria per grain} 
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It is of interest to note that the decided increase in number of acid 
producers and the decided increase in acidity occur at the same time^ 
thus indicating that acidity is due to micro-organisms, 

EXPSRIMSJNT III, CORK SILAGE AND CORN AND SOYBEAN SIDAGE, 1918 

The same variety of com was grown in each case. The corn-soybean 
mixture was obtained by planting soybeans with a hand seeder in the same 
rows with the com. In proportion by green weight the soybeans in the 
corn-soybean mixture' amounted to approximately 30 per cent. As 
large a percentage of soybeans as this could not be hoped for under 
ordinary conditions, since the viability of seed com used was rather low, 
and the number of stalks was little more than half that of a normal stand. 

Ensiling took place when the com was well glazed and when the soy¬ 
beans were well podded. It was necessary to add some water to the com 
silage to insure its preservation, as it was somewhat advanced in maturity. 

On account of the rainy season both kinds of silage contained an unusual 
amount of weeds, It^ is not believed that this affected the quality 
materially, since in a feeding test which followed the animals relished 
and ate them both throughout the experiment with practically no waste. 

This experiment was run for the purpose of comparing com silage 
with silage composed of a mixture of com and soybeans. (Tables IV 
to VII.) . 

The bacteriological results given in Tables IV and VI show little differ¬ 
ence between the two kinds of silage. 

Acid-producing organisms were the predominating group. For the 
first few days there were large numbers of organisms belonging to the 
colon group, but there was a gradual reduction until on the thirty-ninth 
day, when there were no colon organisms in the com silage and only a 
few in the corn and soybean silage. There was a gradual reduction in 
the number of yeasts and protein digesters in both kinds of silage. 

The chemical analyses given' in Tables V and VII' show that the greatest 
increase in acidity and amino nitrogen occurs during the first four^ days 
of the fermentation. The ammonia determinations fluctuate to a con¬ 
siderable extent, with a tendency to decrease in the'corn, silage and in¬ 
crease in the com .and soybean silage. 

Graphs showing the increase in acidity, amino nitrogen, and ammonia 
are given in figures 1,2, and 3, respectively. 

LABORATORY EXPERIMENTS 

' Three laboratory experiments were performed with Canada field pea 
and oat silage: 

IV, Untreated. 

V, Treated with 2 per cent chloroform. , 

VI, Sterilized and inoculated. 

. 50937 ^— 21 '-' 6 ' ' - 



*fABm lY,—Results of baci^iologkal examimtion of corn silage in comrete silo 

CEx^ressed in ntanber of bactena Sraml 
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Tabim of bmteriologicalommmation of cam and soybean silage in concrete sih 

[Expressed in nimiber of bactem per gi^m| 
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It was thought that bacteriological and chemical results from silage 
treated as above might throw some additional light on the niitcli debated 



|fiG. I.—Graph showing development of acidity in com silage and in corn and soybean silage. 



showing development of amino nitroj^ in com silage,and'in com and/isoybean sEage, 

question aa, to whether microorganisms or 'plant enzyms are the mote 
important factom'in,'silage'fermentation*; 
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Bxpkrim:^nt IV 


This experiment was performed at the same time and with the same 
crop as experiment I. This was done to compare the results of the 
large silo with,a small laboratory silo. The material used in filling the 



FiO. 3,—Giapli showing Increase m amino nitmgi^ in Canada field pea and oat silage, 19x9. 


laboratory silos was passed through a small grinder as it came from the 
silage^ cutter' so as to make it sufi&ciently fine to be usC'd in the small 
containers. 





Tabi,« Vni.-ResuUs of hacimological examination of Canada fiM fea and oat silage in laboratory silo {nnireaied) 

. [ ^’g pressed in jatunber of bacteria per gram] 
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The bacteriological results given in Table VIII are characteristic of 
silage fermentation. The acid-producing organisms predominate. There 
was a variation in number of organisms belonging to the bulgaricuS' 
group. There were a large number of yeasts at the time of siloing, but 
a decided decrease occurred, and in a few days only a few were present. 
The number of gelatin liquefiers were few at time of storing and gradu¬ 
ally decreased until there were no organisms belonging to this group after 
25 days, barge numbers of organisms belonging to the colon group 
were present for the first day but then decreased rapidly. 

Table IX gives tlie chemical results which show an increase in acidity, 
amino nitrogen, and ammonia as fermentation progresses. The greatest 
increase occurred during the first three days of fermentation. 

BXPBRIMnNT V 

The object of this experiment was to find out the effect of 2 per cent 
chloroform upon the bacterial flora and the chemical changes brought 
about by cell respiration. It was also desired to ascertain if silage so 
treated would undergo normal fermentation. (Tables X and XI.) 

Table X gives the bacteriological results of Canada field pea silage 
treated with chloroform. From the results in this table it can be readily 
seen that chloroform was very efficient in inhibiting the growth of the 
microorganisms. After the first day there were few organisms belonging, 
to any of tlie groups. 

The chemical results are given in Table XI and show that there was 
very little increase in acidity. This indicates that the acidity in silage 
is due chiefly to microorganisms and is not due to plant enzyms. There 
was an increase in amino nitrogen and ammonia, showing that the hy¬ 
drolysis of protein was principally due to cell respiration. 

EXPERIMENT VI 

Since an experiment had been planned to inhibit the growth of micro¬ 
organisms, thus allowing cell respiration to play the principal part in 
fermentation, it was decided to perform one in which plant enzyms were, 
desti'oyed, allowing action of only the microorganisms. A, series of 
laboratory silos were filled with Canada field peas and oats and sterilized in 
autoclave for three hours. Each silo was then inoculated with fresh silage 
juice containing large numbers of microorganisms. (Tables XII and XIII.) 

The bacteriological results with Canada field pea silage which was 
sterilized and inoculated are given in .Table XII. They compare very 
favorably with those with normal silage, tiiere being little difference. 
The first few days there was an increase in'the total number of organ¬ 
isms, followed by a decrease. The acid-producing organisms consti¬ 
tuted the main flora, and the number of these organisms decreased with 
the agenf' the silage. The number of organisms belonging to the colon 
gTotip, yeast, and protein digesters decreased rapidly and after a few days 
disappeared. The number of organisms' belonging to the bulgaricus 
group increased for^ the first five days and then gradually decreased. 



tABhS X.~^SesulU of bacteriological examination of Canada field pea and oat silage in Moratory silo {treated with 2 per cent chloroform) 

IBxprtssed in niBoaber oC bacteria pet traml 
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Tabi^B 'Kll.■—'Remits of bmUriologiml exominaiion of Canada field pea and oat silage in Udforatory silo (sterilized and inoculated) 

IBxprfssed in namber erf bacteria per gtaml 
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T-nDPmti fti as microorganisms are the only agents concerned in the 
experiment, the results of the chemical analyses given in Table XIII 
show that the acidity was due chiefly to their activity. Part of the de¬ 
composition of protein with fonnation of ammonia was due to the action 
of microorganisms. Microorganisms played very little part in the forma¬ 
tion of amino nitrogen. s 



/?/9ycS 

Fig. 4.-”Graph showing; increase in addity in Canada field pea and oat silage, 1918. 

In order^ tiiat the increase in acidity, amino nitrogen,' and ammonia in 
the laboratory experiments may be more easily compared, the results 
are given in figures 4, 5, and 6, respectively. 

DISCUSSION OF RESULTS 

.ITie results of bacteriological and chemical analyses of various' kinds 
'''Of''silage'indicate that microorganisms are the principal' agents in the' 

'fwnentation of .'Silage, It- is,quite natural Lo 'assume that enzyms, 
''''''%0'itld 'ptey some,partin 'the fermentation, and it was found that'enz3?ms 
:'':;'did';play; a'part;in;the'hydrolysis of protein. ^ 
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Tile production of acidity appears to be due almost entirely to micro- 
organisms* Silage treated wth 2 per cent chloroform, thus inhibiting' 
growth of bacteria, showed practically no increase in acidity, while 
silage sterilized and inoculated, which process destroyed plant enzyms, 

<3SO\ -1-1- 1 -i-1 





riG, s-—'Grapht showing developmeat of amino nitrogen in Canada field pea and oat silage, 1918. 

showed an increase in acidity-closely resembling that of normal silage. 
The increase in the, number of -acid-producmg organisms usually was 
followed by an increase in acidity. 

The results of these investigations on the cause of formation of acid 
'in'silage' agree' with' those of Lamb, - (14) and Hunter and Bushnell''fij)» 




R[< 3 , 6,-*Orapl2 showing increase in ammonia nitrogen in Canada field pea and' oat .silage. 1918. 

beaii treated with 2 per cent cMorofom, which inhibits the grow,th, of 
bmjteria, The 'formation of 'amino nitrogen, in the chloroformed, silage 
rmmbles that of ■ normal silage. Practically, 'nO'‘ formation of amino 
f&itrogai, was ob^rved, in silage sterilized .and ,iixocnla'ted., Itds com 
dinded that the hydrolysis '.of' protein with formation of 'amino nitrogen 
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is due principally to the'action of plant enzyms. Plant enzytns and 
microorganisras are both concerned in the formation of arnmoiiiaj the 
former being the more important. 

The formation of ammonia occurred in silage treated with 2 per cent 
chloroform, which inhibits the growth of bacteria, and in silage sterilized 
and inoculated; but more ammonia was formed in the chloroformed 
silage than in that sterilized and inoculated. It will be noted that the 
increase in acid-producing organisms and the formation of ammonia are 
very well correlated. It is probable that the acid-producing organisms 
did attack the proteins, decomposing them with the formation of the 
ammonia. It has been shown by Bertrand and Weissweiller (j), Heine- 
man and Hefferan (10), and Hastings, Evans, and Hart (S, 9) that the 
lactic bacilli do have a digestive action on protein. Hart, Flint, and 
Evans (7), working on the action of certain bacteria in regard to the 
ripening of Cheddar cheese, found that Bacillus casei had the ability to 
produce ammonia. Hunter (12) in an article on alfalfa silage suggests 
that a small part of the protein hydrolysis may be caused by the ability 
of acid-producing organisms to utilize protein as a source of energy in 
the absence of carbohydrates. 

The largest number of yeasts were found in the first few days of the 
fermentation. They increased in number until all the free oxygen was 
consumed, then decreased. Eamb {14) states that alcohol is formed 
first by enzyms and later by yeasts. It is more easy to believe 
alcohol is formed first by yeasts and later by enzyms, because yeasts* 
are present in greater numbers at the beginning of fermentation. 

The only difference noted in the fermentation of Canada field pea and 
oat silage from that of com silage was in the number of organisms belong¬ 
ing to the bulgaricus group. There were more organisms belonging to this 
group in corn silage than in silage composed of Canada field peas and oats. 

No difference could be noted in the fermentation of com silage when 
compared with com and soybean silage. 

CONCLUSIONS 

(1) From the bacteriological and chemical analysis little difference 
can be noted ^ between the fermentations taking place in silage composed 
of Canada field peas and oats, com and soybeans, and com only. , There 
was a' larger number of organisms belonging to the bulgarious group in 
corn, silage than in the other types of silage studied. 

(2) Production of acids was due to microorganisms. 

(3) Yeasts apparently had little effect upon the fermentation of silage 
except during the first few days. 

(4) Plant enzyms were chiefly responsible for the hydrolysis of protein' 
with formation of amino nitrogen. 

(5) The formation of ammonia was due to bp'th enzyms and micro-' 
organisms. 
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SANDY CRYSTALS IN ICE CREAM- THEIR SEPARATION 

AND IDENTIFICATION 

By Harper F. Zoi^lrr, Chemist, and Owrn B. WiIvLIAMS, Dairy Manufacturing 

Specialist, Dairy DiMsion, Bureau of Animal Indtistry, United States Department of 

Agriculture^ 

Ever since Sato (6) ^ isolated crystals of lactose, sucrose, calcium 
phospliate, calcium citrate, etc., from the crystalline sediment occurring 
in sweetened condensed milk, there has been considerable speculation 
as to which of these substances are responsible for most of the sandiness 
found therein.^ 

The ice-cream industry utilizes large quantities of condensed milb 
particularly evaporated skim milk and sweetened condensed whole milk. 
The tendency during the last few years toward building up the total 
solids of the ice-cream mix with milk solids other than milk fat has 
created a demand for the products mentioned. With their use there 
arose simultaneously the problem of ''sandy’' ice cream. Not infre¬ 
quently wholesale quantities of ice cream develop this sandy or crystal¬ 
line texture—sometimes large, hard cxystals, sometimes fine and gritty, 
like starch. This wide variation in the size of the crystals caused much 
perplexity as to their composition in view of tlie work cited above on 
condensed milk. Since ordinary ice cream contains from 12 to 16 per 
cent of sucrose it was but natural that many should believe the sandi¬ 
ness, especially the large crystals, to be due to this substance; the finer 
might be due to any of the suspected substances. 

In order to settle this question of "what constitutes sandiness" we 
took up the problem of isolating the "sandiness" after it had formed 
and of identifying it. 

DEVELOPMENT OF SANDY CRYSTALS 

A large quantity of a high solids-not-fat ice cream was prepared in a 
regular commercial power freezer. The composition of the mix was as 
follows: Fat, 10 per cent; sucrose, 14 per cent; milk solids not fat, 12 
per cent. The raw products were ripened 40 per cent cream, evaporated 
skim milk, and pure cane sugar. The mix was frozen in the regular 
time witli brine at about 10^ P. (— 12.22® C,). It.was immediately 
packed, after freezing, in 2-quart tinned cans and placed in the hardening 

^ ^ The authors express their indebtedness toG. T- Keenan'and E. T. Wherry, of the Bureati of Chemistry, 
to the former for his conrt'esy in preparing the photomicrographs and to the latter for checking the crystal¬ 
lographic features of lactose. 

2 Reference is made by number (italic) to "Eiterature cited,’^'p* 795- 

® It would be unfair to create the impression that Sato actually isolated sucrose crystals from all samples 
of condensed milk. In fact, the sucrose crystals were isolated only rarely from condensed milk, and in 
those cases he specifically stat^ that they were condensed to an unusually low water content. 
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box. Tills box was insulated with wood and held a hardening mixture 
of ice and rock salt. The ice cream was repacked each day in this box. 

On the fourth day ver>" fine sandy crystals appeared. The crystals 
were developed by allowing the cans to become ‘'heat shocked*' (by 
setting them in contact vdth the air of the room for about 20 minutes) 
every other day after tlie sandiness first became perceptible. 

The dimensions of the crystals were observed frequently through the 
low-power objective of a compound microscope. Wlien the sandineSvS 
first became perceptible to the tongue and between the fingers, the 
crystals were clearly visible in the microscope. The general form of the 
crystals remained the same throughout 20 days’ observation, although 
they grew much in size during this interval. 

When the cr^-stals had growm to a sufficient size they were separated 
from the parent mass. Plate 137 illustrates the appearance of tlie crystals 
in tlie frozen ice cream described above, when a drop of the ice cream 
was placed upon a glass slide and then mewed through the microscope 
in polarized light, 'The crystals showed plainly the natural maize¬ 
shaped form of lactose hydrate. 

SEPARATION OF THE CRYSTALS ' 

The sandy crystals were separated from several different preparations 
of ice cream by the following method: PTozen cream was allowed to 
melt at the temperature of the laboratory, about 25^^ C. When com¬ 
pletely melted it was poured into large centrifugal tubes of 100 cc. 
capacity and centrifuged at 2,000 revolutions per minute for 10 minutes. 
The fat and liquid layers were poured from the sediment; the liquid 
portion was now entirely free from sandiness, the latter having been 
throTO down in the form of sediment, A drop of tlie sediment examined 
on the microscopic slide seemed to be made up entirely of crystals of 
one form—some large and some small. 

Before the crystals were proved to consist entirely 'of pure lactose' 
they were isolated from the sediment for the purpose of holding any 
sucrose or lactose crystals, in the crystalline form. This was effected 
by saturating water with all the sucrose and lactose that it could hold 
at 2^ C. It w^as then warmed to 5^^, and tlie sediment in each tube was 
thoroughly' shaken with about 75 cc. of it. Then the tubes' were again 
centrifuged. ' This operatio'n was repeated with the addition of 50 per 
cent^ acetone to the washing fluid. ■ The product was further freedirom 
liquid' on a Bucliner funnel. 

' 'The crystals were obtained' in a pure white'condition. More than 
X,‘Hlo was obtained in this manner. They were dried to constant weight, 
on 'Site paper in a boiling-water oven,' Plate '13S, A,'illustrates the 
appearance 'of these isolated crystals. They show plainly the effect of 
'the washing mixtures but retain their characteristic maizelike or wedge¬ 
like form, '' 
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IDENTIFICATION OF THE CRYSTALS AS LACTOSE HYDRATE 

MICROSCOPICAL EXAMINATION 

Tlie ease with which roilk sugar usually crystallizes and the very 
characteristic form of its crystals suggest the use of the microscope as 
the most accurate means of identifying it. As mentioned in the earlier 
part of the text it is possible to detect and follow microscopically the 
growth of the crystals in the ice cream. 

For the purpose of identification of the sandy crystals it was necessary 
to have at hand pure specimens of lactose and sucrose crystals. Rather 
than accept the market lactose as standard for recrystallization a quantity 
of pure lactose was obtained by evaporating some milk whey from cheese¬ 
making in a vacuum pan to a concentration of 8 parts by weight of whey 
to I part by weight of product. The resulting lactose was filtered and 
purified according to the customary methods. 

The 'Crystalline lactose thus obtained was the a form, or commonly 
recognized lactose hydrate (C12H22 Oii.HgO). According to Groth (i, 
p, 450) its crystallographic features are— 

Monoclinic-sphenoidal. Cleavage in three directions nearly at right 
angles. Refractive indices, a==i.5i7; 1.542; 7=='1.550 ±0.005 Bx®/\c 

==^10°, 2E = 33“i/ 2''- Sign-, sp. gr. 1.525-1.534. , 

Some of these crystals were placed upon a microscopic slide, and a 
photomicrograph was obtained with polarized light. The photograph 
exhibits the cliaracteristic tomahawk-shaped crystals which are always 
presented by a-lactose when the crystals are allov/ed to develop spon¬ 
taneously beloiv 93° C.' (5). When they crystallize at 93°, or a little 
above, lenticular needles appear (7 or anhydride form) (a), which'are 
markedly different to the eye. These gi*aduaily transform into the 
tomahawk type as the temperature drops below 93°. The photomicro¬ 
graph of these lactose-hydrate crystals is shown in Plate 138, B. 

The comparison of these pure lactose crystals 'witli those within;the 
ice cream in Plate 137, as well as with that of,,the sandy crystals separated 
in a pure condition from the'same ice cream, shown in Plate 13S, A, 
shows the sandy crystals to be identical in form witli those of p'Ure lactose. 
It'is but natinal that we should realize the effects shown in Plates 'I37 and 
13S, A, of substances tending to hinder perfect growth of the crystals. 
Also the solvent action of water .is evident in the partially .dissolved 
facets and less sharp outlines. ^ Otherwise' there is no, difference ha the 
appearance between the crystals in Plate 138, ,B, and-those'in the first 
three figures., ^ 

A fully developed crystal of sucrose is shown in Plate 138, C, The 
sucrose cr3\stals were groivii within a pectin gel from,a,supersaturated 
'Sucrose 'Solution (500 per cent solution) at ordinary temperature. There 
is not the least resemblance between this' crystal and those isolated from 
ice cream. ’ , , ■ ^ A ' '' ' ,± / ‘ 
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CHBMICAI, ANAJuYSIS 

Some of the isolated sandy crystals mentioned in tlie section on separa¬ 
tion^ and similar to those photographed in Plate 138, A, were analyzed 
for lactose^ without inversion, according to tlie Munson and Walker 
method/ described Leach (4, p. 398). The average of tliree deter¬ 
minations gave 99*86 per cent calculated as lactose hydrate from Mtmson 
and Walker’s tables. It is evident that the quantity of sucrose appearing 
as saiid35^ crystals is insignificant. 

DISCUSSION 

The results of our experiments upon a number of sandy ice creams 
lead us to conclude definitely that the sandiness is due to the crystalli¬ 
zation of lactose from a supersaturated solution. 

The suspicion, fostered by a number of persons in the dairy industry, 
that sucrose is responsible for this sandiness is not founded on scientific 
principles. The solubility, recorded by many investigations, of lactose 
in water at C. is about 17 gm. per 100 gm. of water.. The solubility 
of sucrose at 12^ is given as 198.6 gm. per 100 gm. of water. Wlien these 
solutions are cooled they become supersaturated, provided they contain 
the above-mentioned quantities of the respective sugars. In sucrose 
solutions, however, we meet with the experience of the sugar technician, 
Prinsen Geerligs (5, p. 301), who tells us that sucrose solutions frequently 
act like glue at low temperatures and can be supercooled to a state 
in which they can not be poured. In the highly supersaturated, 
supercooled condition it is very difficult to induce them to crystallize. 
When' accomplished it requires weeks and even months for the crystals to 
develop in size, particularly if much colloidal material, such as gum, 
pectin, or protein, is present in the solution. It required several months 
for the perfect crystal of sucrose shown in Plate 138, C, to develop even 
to this size. 

In the case of lactose, because of its low solubility in water, compared 
to sucrose, it is more difficult to form supersaturated solutions of any 
great' magnitude. Wdien its solutions are concentrated it crystallizes 
without much excitation. Indeed, if will persist in crystallizing even in 
the presence of complex protective substances which check crystallization' 
of many other compounds. 

An ice-cream mix of 10 per cent fat, 12 per cent, milk solids not fat, 
and 14 per cent sucrose contains, if we assume that the two sugars com¬ 
pete for only the water in the mix, about 22 per cent sucrose 'solution 
and about 10.5 per cent lactose solution. . W^en we recall the fact'tliat 
$Ucrose is about' 10 times as soluble as lactose in water, we readily see, 
that the physical conditions existing in frozen ice cream are unsuited to 
the crystallization, of sucrose. . 

iMuisraoN, t. Walkbr, Percy H. unification of .rbducsng sugar mbthobs. ' In Jour. Amer, 

Qyem, Soc.,'no. 6^ p, 663-6S6, 1906; y, ao 4, p. s4fi>~5S4.. a;90!r;'Flaal tables in U, S. Dept. Agt. 

rw*. /W., ^ n. a oofrecfciuti. IT. S. Deot. Aw. Bur.Cliem. Circ. Ba. 6 p., igrr. 
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vSUMMARY 

(1) Tile “ vsaiidiness ” in ice cream has been isolated and identified as 
lactose. 

(2) The growth of the “sand'* crystals can be followed satisfactorily 
with the microscope. 

(3) The form of lactose appearing in the ice cream is the normal a 
crystal which crystallizes from water solutions in tomahawk-shaped prisms 
and from protein solutions in more rugged or maize-shaped crystals. 
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Photomicrograplis ol tlie /^sand’* crystals in ice cream, made by placing a drop 
of the melted ice cream upon a microscopic slide and covering it with a' cover glass. 
This was then placed upon the stage of the photographic microscope and photographed 
with polarized light. X 90. 
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A. —Pliotomicrograpli of tlie isolated '‘sand**'crystals from some of tlie same ice 
cream used for Plate 137. Photographed with polarized light. X 90. 

B. —Photomicrograph of some ptire recrystaUized lactose hydrate from condensed 
whey. Photographed with polarized light. X 90. 

C. —Photomicrograph of a crystal of pure sucrose. Photographed in plane light. 

X5. ' 
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SOLENOPOTES CAPIEEATUS, A SUCKING LOUSE OF 
CATTLE NOT HERETOFORE KNOWN IN THE UNITED 
STATES 

By F. C. Bishofp, Entomologistt Investigations of Insects Affecting the Health of Animals^ 
B-n.fsau of Entomology, United States Department of Agriculture 

INTRODUCTION 

In 1904 Enderlein^ described a single male sucking louse taken on 
cattle in Leipsicj Germany, as a new genus and species, SolenopoUs 
capillaUis, , Apparently no further reference was made to this insect 
until 1916, when Ferris ^ incidentally mentioned the species, stating that 
he considered the Enderlein type specimen as being inimature and' con¬ 
cluding that the species was a synonym of Linognathus vituU L. 

In examining the specimens of Anoplmra in the collection of the Dallas 
laboratory of the Bureau of Entomology in 1917, H. P. Wood noted 
that some of the material collected on cattle did not appear to be either 
Linognathus viiuU E. or Haematopinus eurysiernus Nitzsche. This led to 
a search of literature for other species recorded from this host, and the 
references mentioned above v/ere found. Upon comparing the material 
in question with Enderlein's description it was evident that it was 
Solenopotes capillaius. 

Material in the collection at the Dallas laboratory indicates that the 
species has a wide distribution in the United States, and notes upon it 
show that at times it may become a serious cattle pest Data' on the 
coUectioiis are as follows: 

Bisliopp No. 9192, Dallas, Tex., March 20, 1910, many specimens on bail {Bos 
ianrus L.) in laboratory yard, F- C. Bi^opp, collector; Bisliopp No. 2681, Viewpoint, 
Oreg., Marcb 8, 1913, heavy infestation of range cattle (B. taurm), H. H. Hatch, col¬ 
lector; No. 4292, Riverside, Md., February 14, 1915, on calves, F. G. Bisliopp, 'col¬ 
lector; No. 74S5, Dallas, Tex,, November 13, 1917, many specimens on oow inlabo* 
ratory yard, H, P. Wood, collector;, No. 8487, Olympia, Wash., December 28, 1918, 
on Jersey bull, R. W. Wells, collector; No. 8500, Uvalde, Tex., January 'lOt 1919, 
on calf, D. C. Paxman, collector; No. 8995, Bennington, Vt., March 17, 1919,pn cow, 
R. W. Wells, collector; No. 9699, Herkimer, N. Y., March 20, 1920, on calf, F. C. 
Bidiopp, collector. , 

©tother. LAtrsB-STuniSN . . In Zool. Am., Bd. aS, No. 4. p. ^ 44 . fis* i 4 “i 5 . ' 

G, F. cBRvoPHlHiOTs cras^cojRNis, (n.) (ANOPLtrRA). In Eat. News, 1". 37, no. $, 

p.,a:i^ 7 " 3 oo^ . 
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Tile species shows a marked tendency toward attaching in dense 
groups about the head and neck of the host. Sometimes these patches 
are almost circular. 

In 1917 H, P. Wood made an effort to sectire oviposition of the lice 
under control on cattlCj but with little success. Evidence was gained 
which indicates that the incubation period is rather long, probably about 
12 days, and also that the eggs will not hatch when removed from the 
host. 



Pig, x,-^oknopoiss capillatus: Dorsal aspect Fig. z.-^SoienoPoies capiU<dus: Ventral 

of female. X 40, aspect of feraale. X 40- 


DESCRIPTION 

xme 

As the female of this species has not been described, it will be character- 
'ized fully here. 

Length (fig. i and2) about 1.5 mm., greatest width about 0.7 mm., thorax and legs 
brownish yellow, abdomen,grayish blue. 

■ Hi^AB.—Length 287 ft, width ,215 ft.' Anterior ' margin rather broadly rounded, 
lateral margins slightly widest behind antennae, somewhat narrowed at transverse 
groove Just anterior to antenn®, posteriorly pointed. Antennae attached about one- 
third length of head from anterior border, rostrum just, ventrad of anterior margin, a 
chitinized rim around anterior margin above rostrum. Antennaj slightly longer than 
,'greatest width of head, basal'segment markedly broader than succeeding segments, 
^gthehtS' ,3 rad 4' somewhat shorter than others, 'Several short spines on anterior' 
matgm'of head, two spines' on ,ventral surface behind' antennae, dorsally with a slightly 
curved' row;of ,'about five ■ spines on either side, one somewhat smaller spine outside 
the aateriofendof "tliis row' just in: front,of.the antenna on either side, and two .near 
the behind''the antenna. 'Near the '.median line is, a small spine oil', either 
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side opposite the point of attachment of the antennas and toward the posterior margin 
of the head anotlier pair, somewhat longer than any others, about the same distance 
from the median line 

Thorax, —Abotit 200 ju long by344M''^''dde, deeply incised anteriorly to receive the 
head, narrowed somewhat anteriorly and with rotmded sides* Division of thorax 
fairly distinct dorsally and the mesothorax and metathorax bearing at the margin a 
rather prominent but not projecting spiracle. Protliorax with two rather strong sub- 
median spines and mesothorax with two or three small and one strong spine. Sternal 
plate about 172 jalong by 114/i wide, not very highly chitinized, slightly narrow pos¬ 
teriorly, anterior end truncate, posterior end rotmded. 

Legs.—R ather short and stout, anterior pair much shorter, more slender, and less 
chitinized than others. They terminate in long, slender claws, while the posterior 
legs are provided with highly chitinized dark reddish brown terminal segments and 
blunt claws. A few short hairs on all leg segments. 

Abdomen. —Elongate oval, narrowing gradually to terminal segment which is 
broadly rounded; abdomen dorsally with a considerable number of yellowish, rather 
slender spines distributed as follows: First segment, 
two transverse rows, anterior with S or 10 spines hxegu- 
laf in length, posterior with from 4 to 6; second, from 4 
to 6 ; third, 6; fourth, from 6 to 8; fifth, from 6 to 8; 
sixth, 8; seventh, 6; eighth, 2; the last rather longer 
than the others. Near the lateral margin of the second 
to seventh segments is a single spine on each side, 
those on the sixth and seventh being two or three 
times as long as the others and hairlike toward their 
tips. On the venter the spines are less variable in 
number than on the dorsum, the second to eighth seg¬ 
ments with 4 submedian spines, the outer pair on second 
segment being small and those on the eighth segment being farther removed from the 
median line and very long and hairlike at tips. Near the lateral border on either side 
is a single row of spines on the third to seventh segments, those on the sixth and 
seventh segments being long (longer on the seventh) and hairlike toward the tips. 

On the posterior margin of the eighth segment are two genital flaps or protuberances 
margined with 7 rather stout spines (fig. 3). Between these on either side are 
minute spines, and from the middle to the anterior border of this segment near the 
median line are 3 pairs of very short spines. The chitinized bands on the terminal 
segments are rather narrow dorsally and broad on their ventral maigins. There is ,a 
slight projection on this band in the internal anterior angles which bears 3 or 4 stout 
spines on each side near the margin. Just anteriorly from the inner angles of the bands 
occur on each side a group of about 6 moderately stout spines, and mesad from their 
borders about 3 small spines. 

The second to eighth segments are provided near their anterior margin with ■ pro-' 
jecting, rather large spiracles 29 /£ in diameter. 

THE made 

While Enderlein's ^ description of the male is fairly complete, it is^ 
deemed advisable'to redescribe this sex and point out/some of the'' 
variations in the distribution of the abdominal spines, 

Eengfch x,2,mm., vidth 0.6 mm. 

Head. — ^Eength-287 /a, width 208 m- Rather broadly" rounded anteriorly (fig. 4), 
widest Just behind, antennae which are attached about one-fdurth of the, length of the 

. op.cit. 



Fig. 3. —Solmopoies eapiUaiusi 
Eighth and terminal segments d 
abdomen of female. X ssK* 
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liead from tibie anterior margm. A row of about 6 small spines extending across 
Bear ,tJie anterior margin dorsally and a longitudmal row on eacli side witli 
about 6 spines. One short spine in front and 2 behind each antenna and also 2 large 
spines toward posterior edge of head medially, Ventrally a spine of moderate length 
on each side behind and mesad of base of antennse. Mouth parts slightly ventrad of 
^ ^ anterior extremity, a chitinized transverse ridge 

running across tlie anterior margin just above the 
mouthparts, 

Tkokax,— -Much as in female, a few short and 
one long spine on either side of pronotum and meso- 
' notum. Spiracles on pronotum and mesonotum 
prominent. Sternal plate more elongate than in 
/ f ] ] female and slightly concave on lateral border. 

\\ Abdomsn.—G reatest width at about fourth 

P ""n P ^—'A segment, elongate oval. Second to eighth segments 

y _Y provided with projecting spiracles as in female, 

V d-Un y ninth segment with a distinct notch on either side, 

/Vt the central terminal portion being rather stout and 

Nt —^ ' hearing a number of small'spines along the border. 

// dorsal side segments armed submedially as 

// ff ^ \ follov,^: The first segment with two transverse rows, 

i I I U I anteriorly to these 6 small spines and posteriorly 

_ , about8spmes,thetwomedian belng thelargest; 

MG. i.’^SolempQks captUaim: vmtral . x o‘ • x-t.* 1 ^ . j? 

aspectofmale. X 40 . Second segment, 8 spines; third, 6 spines; fourth, 

8 or 10 spines; fifth, 8 spines; sixth, 8 spines; 
seventh, 6 or 8 spines; eighth, from 4 to 6 spines. Near lateral margins another row 
of spines, one spine to each segment, those on seventh and eighth segments being very 
long and hairlike, those on first segment small. Ventrally, the second to seventh 
segments with a row of 4 spines submedially and tlie eighth with 2 spines. All ventral 
^ines somewhat stronger than the dorsal ones. Hear the lateral margin the second 
to eighth segments providedvvith a single spine on either side, those on seventh and, 
eighth segments being long and hairlike, as on the dorsal surface. , 

Genital frame (fig. 5) rather simple, apparently consisting of ( 

six parts. , Basal portion forked for about one-fifth of its length 
at tlie posterior, end where it articulates with two elongate jv 

plates which in turn join at their posterior end with two other r A 

plates of slightly greater length. ^ These diverge posteriorly and U , ( 

bend dorsally and cross the anterior ends of a wishbonelike ,11 i , f , , 

plate the posterior,end of which terminates in a rather acute,, I \ ^ /in J, 

highly chitinized point known to^ some as the pseudopenis. ' / 

The penis is simple, nearly equaling in length the inciosure,o£ ' / 

the frame, the aperture situated well back between the legs of fW(1/ 

the, wishbonelike plate. ^ 


Fso. 4.'^SQ!enopQi€s capiilaitsrs: Ventral 
aspect of male. X 40. 


NYMPHAh STAGESS 


PlO. St’^olmopQies cap* 

First instar, color pale yellowish before feeding, except for , 
parts of abdomen which are darker; after feeding, much'aS'in ' ' ^ * 

adult though somewhat paler; tarsi and dam.yellowish to light brown;' haterinstam 
,: darker. 

,,,' Showing slightly, stronger transverse groove than in adult. 

Thoxax.— About as in adtdt, but^dightly less chitinized. 
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Abbomi^n. —In first instar very elongate, not wider than thorax; in later instar 
markedly broader, a shallow snbmarginal groove on each side running from first 
segment to about the seventh, where they join. Along the line of this groove on each 
side is a row of depressions, one near the anterior border of each segment. Spines 
about as in adult female though hairs are very 
short except on the sides of seventh and eighth 
segments on which they extend well beyond 
the tip of the abdomen. Apex of abdomen 
slightly bilobed, spiracles projecting distinct¬ 
ly on the third to eighth segments, in¬ 
clusive. 

THE EGG 

Color pale yellowi^. Elongate oval, the 
side next to the hair upon which attached 
practically straight, the other side curved, 
set at a comparativehr small angle from the 
hair and cemented to it by a basal, somewhat 
heart-shaped, broad and comparatively short 
attachment (fig. 6). length of egg, not 
including attachment, 735 greatest width 
2 78 at right angles to a plane passing tlirorigh 
the egg and hair to which it is attached, the 
otlier diameter being about 244 p.. The well- 
defined, somewhat elevated operculum. set 
almost at right angles to the straight side of 
the egg; diameter about 190 ju; its height 
about^ one-third of its diameter; length of 
attachment clamp about 190 its greatest 
width about 180 p. Surface of egg minutely Eig. ^.-SolmopoUs capilhius: A, Egg attached 
reticulated, under moderate magnification ^ operculum oi egg, greatly 

giving a granular appearance. Operculum 

with a number of slight protuberances which give it a deeply roughened appearance. 

A number of eggs are frequently attached to a single hair and may 
be found aiiyvirliere from the base to the tip of the hair. 





RATE OF CUEM FORMATION IN BROMUS INERMIS 

By R. Waebron 

Plant Breeder, North Dakota Agricultural Experiment Station 

INTRODUCTION 

Various investigators have made growth studies upon different organ¬ 
isms. Working with the rat, Donaldson^ and other workers have 
published a number of formulas showing the growth of certain organs 
with respect mainly to the growth in body weight. The curves are 
mostly logarithmic in type. They are based on careful data and show 
the general trend of organic development relative to size of animal. 

Pearl has made studies in growth phenomena and has developed 
curves to express the general type of growth. Working with Cerato- 
phyllum,^, he developed a logarithmic curve of the general type 

F-4 + C log M 

which furnished a symbolical expression of the manner of growth dealing ^ 
with rate of increase of leaves per whorl along the axis of the plant. 
He says: 

The mean ntimber of leaves per whorl increases with each successive whorl,, and 
in such a way that not only does the absolute increment diminish, but also the rate 
of increase diminishes as the ordinal number of the whorl measured from a fixed 
point increases. 

In other words, this phase of growth is rather rapid at first and then 
slows down, both absolutely and comparatively. 

Working with maize. Pearl and Surface^ secured data upon height of 
plant which, from their previous studies, they were confident could be 
fitted with a logarithmic curve, probably of the type 

y==ApBiogx. 

Here again the growth movement is rapid,at first, but this rapidity 
decreases later. Pearl goes so far as to state that the^ growth of an 
organism can usually, if not always, be described' by a curve of this' 
type. 

^ DokaivDson, Henry H. me rat. REFEREKce tabiiEs and data for me Mjamo rat (Mm noR“ 
VEgicus AivBiNijs) AND THE NORWAY RAt (mds NoRYEGxajs). 378 p., .31 cliarts, 89 tab. Hii!adelpb», 
1:915. References to the literature, p. 224-867, and references at end of chapters. Mem. Wistar Inst. 
Anat. and Biol-, no. 6. ' 

2 'Peai?x, Raymond, variation and differentiation in csratofhviotm. 236 p.» s6 fig.* ,» pi. 
Washington, D. C., 1907- Biteratnre cited, p, 235-236. Carnegie Inst. Wash.. Rab, sS. 

® 'Peari,, Raymond, and Surface, Rrank M. growth and variation in maize. InZtsckx. Indiikt, 
Abstain, n. Vererb., Bd, 14/ Heft 3/4, p. 97-203, 15 fig- 1915- 'Bibliography, p. x72-*x72. PxeHmliiary' 
abstract» Rroc. Nat. Acad. Sci., v. i, no. 4, P. 2^3-236. 

Joiiniai of Agricultural Rescs-rch, Voi XXl* No.« 

Washington, D. C. , , ''Sept. 1,1921 
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In the work at hand, instead of a rapid increase in the eai'ly stages and 
then a falling off in size of increments, growth comes about by con¬ 
stantly increasing increments. It did not appear in the present study 
that ike data were amenable to a logarithmic type of ctirve. 

Blackman ^ has applied the compoimd interest law, commonly used 
by physicists, to plant growth, particnlarly to changes in weight under™ 
gone by ammal plants from the genmnation stage to more mature 
stages. A fuller discussion of this law will be undertaken when the 
data have been presented, 

CULM FORMATION IN BROMUS INERMIS 

In the spring of 1916 a large number of seedlings of Browms inermis 
Ee'yss were started in flats and later planted out in the field as individual 
plants 3,5 feet apart each way. The seed came from a Canadian source 
and was commercial seed- It had not been pedigreed or selected to any 
t}T)e. On June 19 countings were begun of the number of culms per 
plant of a limited number of plants.® At the time of first counting the 
plants had' a height of 92.2 mm. as ,an average of the longest culm per 
plant, measuring to the extreme tip of the leaf. Stooliiig had begun oil 
■ most of the plants. . This^ consists essentially, in its earlier phases, in the 
formation and growth of additional cukns springing from,'at, or near the 
base of the primary culm. This study is concerned primarily with the 
rate of production of such secondary culms and the relation of their 
number to other characters of the plant. 

Countings were made every five days except for the intervention of 
Sundays and holidays. The dates of the countings' were June 19, 24, 29; 
July 5,10,15, 20, 25, 31; August 5, 10,15, 22, 26, 31; September 5, ir. 

There were thus a total of 17 countings, embracing a period of 85 days, 
induding the dates of the first and last countings. At the time of the 
first counting the number of culms per plant® averaged 2.37, with a 
minimum of i and a maximum of 5. It is seen that at the first count 
growth was still in its earlier stages, from the standpoint of this study. 
At the date of the last count, September ii, culm formation was still'in 
progress and apparently unaffected by weather conditions. The count¬ 
ings' were stopped at this time, primarily because the large number of 
culms per plant made a predse count difficult. 

The countings were continued over an interval of time suffidently long 
so that the law of their rate of formation during favorable growth con- 
, ditioas,can be deduced with a reasonable degree of satisfaction. A'study' 
:of^the rate, of cessation of formation during the dose of the growing' 

V, H. ms compotojd intessusst growth. In Atm. Bot., v. 33, no. 13X, 

Uata’were^ 3 ec^i^^ on 97 plants for tte pericd of Study.' 

',,';'» A 'dilna wks^ as sncIi . wlien it had attained m extreme hd^bt of as pmi. , measarement 

" vinade,from''the,top$ 'Of stoker diiven down nearly lansh with the surface of the grotmd. 
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season would be of interest but evidently of lesser importance than the 
problem at hand. In the one case the^ rate of formation of a turf is dealt 
with^ while in the other case merdy a minor phase of' the problem would 
be studied, one relating to the behavior of'the plant at the close of the 
growing season'. 

The raw data are not presented because of limited space. In Table I 
'are presented the means, differences of the means, medians, and ranges 
for each date. The standard deviations, and consequently the coeffi¬ 
cients of variation, were not calculated, as it was not seen that they 
would serve any useful purpose. It is obvious that the standard devia¬ 
tions and likewise the variations increase with great rapidity ■ as ^ the 
season progresses. Some of the plants stool with much greater rapidity 
than others, vdth the result that distances between the' extreme limits 
constantly increase. 

The means and medians were calculated by arithmetical methods. 
The data were almost necessarily left ungrouped, as the class units 
suitable for the earlier dates would be quite unsuitable for the later dates. 


XABrn I .—MemUf niediam, and extreme ranges of number of culms per plant of Bromus 

inermis at various dates 


Date. 

Mean 
number of 
culms. 

Difference 
of means. 

Median. 

Xange. 

June IQ.'. 

2-37 


2*35 

'I to 5 

24... 

2.99 

0. 62 

3* 05 

I to 7 ' 

' 29 --*.... 

5-07 

2. 08 

s-03 

I to IX 

Jiiiy 5 ... 

9-39 

4-32 

8.94 

I to 19 

10... 

11.16 

1. 77 

i°- 7 S 

4 to 22 

IS. 

13 - 4 S 

2. 29 

13 - 40 

6 to 35 

20.. 

16. 05 

2. 60 

x6, 00 

6 to 41 

25.. 

21. 86 

5.81 

'21. 75 

7 to 46 

, 31..... 

52 

8. 66 

1 29, 75 ; 

10 to 63 

Aug. 5... 

35 -II 

4-59 

34-38 1 

12 ,to 78 

10. .. . . . 

43 - SS 

8.44 

42- 75 

17 to 107 

15... 

53 - 72 

10. 77 

51-25 

'21'to 133 

22. 

68.46 

14. 72 

6$. 00 

, 24 to 171 

26... 

77 - 74 

9.28 

73 - 00 '' 

24'to 214 

^ 3 ^-... 

89- 57 

It. 83 1 

8^'- 75 

32 to 254 

Sept. 5... 

loi. 79 

12. 22 

95 - 33 

39 to 293 

II...... i 

i 

ii 7 ‘ 77 

IS- 9S 

106.50 1 

40 to 329 


ANALYSIS ■ 01? TABnn I 

From Table I one notes that the number of culms per plant merges 
'With more or less irregularity from 2.37 at the time of the first'counting 
toT 17.77 on September ii, the date of the final' count. This irregular 
advance may be ascribed in part to irregularities in moisture and temper-' 
ature but'to a considerable extent, to'the occasional 'variation of dates in' 

,counting.'' When the means are plottal, .the irregularity due to the last^ 
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mentioEed cause may be made to disappear by arraaging the abscissas in 
accordance with dates of coimting. 

For all countings except June 24 the median is smaller than the mean, 
and in these oases the skewness is presumably positive. Positive skew¬ 
ness may perhaps usually be presumed in cases of this kind* A certain 
number of plants progress slowly, while the values of the remainder are 
scattered over a wide range, but all in advance of the earlier stages. This 
is indicated by a study of the extreme ranges. The differences between 
the minimum values are much less than the corresponding differences 
between the maximum values. 



More interest centers about the discussion of the mean number of 
culms taken seriatim. To facilitate discussion these means have been 
plotted and are shown in figure i as the solid line.' The absdssas in'the 
figure for ,the observations are,placed in accordance with the dates of 
counting, 'which are usually five days apart* The’ plotted observations, 
show, on':the whole, a very smooth series* From .an inspection of the 
graph there is evidentiy something of a spurt in culm fommtion around 
July I and also a marked fahing off 'around'August s- There were no 
obvious weather changes to account for these comparatively slight modi¬ 
fications from what one might; consider the normal course of events. 
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DEVELOPMENT OF EQUATIONS 

In order to ^give this series of. observations a symbolical expression it 
will be necessary to develop an equation wbich^ when plotted^ will show 
a reasonable accordance with the'observations. Such an equation was 
developed according to the method of moments developed by Pearson.^ 
In the problem at hand there were 17, counting dates, and this gives us 
at once tlie odd number of classes required when this method is used. 
In working out the problem the first time the various counting dates 
were considered as natural numbers up to 17. The range would there¬ 
fore be I to 17, or, in terms of the solution, 


2/= 16, or 


By this method of working the problem it is seen that the dates of 
counting are spaced at equal distances, when' as,a matter of fact occa¬ 
sionally 6 days (one instance each of 4 and 7 days) elapsed between 
two consecutive counting dates. To attempt a correction of this error 
the range was made coextensive with the entire counting period. The 
origin of X was taken at the middle counting date and extended 42 days 
both plus and minus. The table of corrective terms for moments of 
trapezia given by Pearson^ had to be extended for values of and 
Z.2, as I equaled 42 in this instance. This was easily done. Working 
the problem according to the first or non-weighted method, the follow¬ 
ing equation of a parabola of the second order was developed: 


( 1 ) 


40.313 


|o, 749029+1.405701 



+0.752914 



The equation of a similar parabola developed according to weighted 
method was 

(II) y-40.313 |o.749786+ 1.395915 (|)+o.75o64I (|J|- 


An attempt was made to fit parabolas of the third. and fourth order 
by the non-weighted method, but with poor results. No attempts wei“e 
made to fit parabolas of higher orders than the fourth. 

Equations I and II are seen to be very similar,, and both seem to give 
quite satisfactory fittings, equation II being perhaps appreciably better. 
There was a doubtful possibility that a better fit could be secured if a 
parabola of the third order, for instance, had been obtained by the 
method of weighting, but to secure this was not possible with the calcu¬ 
lating machine at hand." 

''' Equation II is, fitted in figure i to the observations as shown by the 
curve with circles. Except' for the 'two lower and four higher values of 

2 VBAESOJT,' Xarl OW OTE! SYSXSMAtlC yirriNG ,CTOVES to' 
v. i, pt. 3, p. a65“303; y. »»Pt p, 1-33,10 fig., xgoa. 
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% this equation is appreciabiy better than equation L However^ for 
purposes of extrapolation beyond the upper range of observations, equa¬ 
tion II may be considered the more conservative, as shown by the calcu¬ 
lated results. The parabola obtained from equation I is very close 
indeed to the observations for the upper limits.of the range, and, perhaps 
this equation would give more accurate results for extrapolation pur¬ 
poses when calculations are made beyond the range. The extrapolated 
values would be the greater for equation I. 

APPLICATION OF EQUATIONS 

Assuming that either equation I or II is sufficiently correct for practical 
purposes, one may say that each represents or formulates the law of the 
rapidity of culm formation in Bro'imis imnnisuxA^T the conditions indi¬ 
cated. These are: (i) Culm formation during the first,or seedling year; 
(2) free from competition.; and (3) under favorable soiT’and moisture 
conditions. The equations could, no doubt, be applied to certain other 
perennial grasses of similar growth with only slight modifications.. Cer¬ 
tainly they would need to be modified somewhat when applied to Bromns 
imrmu grown' under conditions other, than those cited in this study. 

These e.quations serve the pm*pose of indicating, At some, future^ period 
for the plants under study, the amount of growth in number of culms 
produced, with' all conditions remaining constant. It is, true enough 
that conditions would not remain'Constant for any considerable future 
period for the reason that the season of seed maturity, for example, 
from the standpoint of' the plant and the winter season of,, do-rmancy 
from the standpoint of environment mter\rene and profoundly modify 
culm formation. ' 

It is a matter of value as well as of interest to compute the theoretical 
future rate of culm formation and see if there is any comparison.within 
reason between the theoretical and the actual rates. Such a comparison 
might throw* some interesting sidelights on the problem of deterioration 
'of stand in brome-grass meadows. 

,EXTRAPOLATION 

The metiiod of extrapolation is simplicity itself, as one has merely to 
inS'ert the proper value of % in the equations to secure the theoretical 
number of culms at any future period. The theoretical number of culms 
for a period of one yearns steady 'growth will be found, and to ,,do' .this 

wiirhave to be' assigned the value of 322. This gives the number'of 
ycuhns/at the specified time as 2,213, increase of 2',097, or over 1,800, 
percent, since the last 'actual count made September i.,i, .1916.'' An 
,inspection',of,fi'gtire ,i 'indicates'there would be a very rapid'rat,© of increase 
''after this'date., , ', 
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The areas of the 97 plants were computed from their diameters at 
the last counting date. At that time each plant occupied on an average 
284.25 square cm. On the same basis the theoretical plants, after a 
year’s steady growth, would cover an area of 5,244.241 square cm. 
Stated in diameters, the measurements would foe 19.02 and 81.71 cm. 
in diameter, respectively, for the last counting date in 1916 and after 
the lapse of one year. The use of equation I would have increased 
the diameter of the theoretical plant only about 5 cm. It is worth 
noting that the plants discussed in this article were not far removed 
from the calculated ,size shortly after the beginning of the growing 
season in 1918. At that time the plants were still deficient about i 
dcm, or more in diameter from the theoretically estimated size. Assum¬ 
ing five months each season for rather rapid culm formation, it is evident 
that the given equations did not assume too much, provided culm for¬ 
mation proceeds the third season as rapidly as during the first and' 
second seasons. 

The foregoing does not imply, of course, that the number of culms 
during the third season was the number deducible from the' equation. 
A'plant may have a certain area'at the close of the growing season.. 
Such area will receive constant area increments during the next growing 
season. ' The original area also will be replenished with culms, but "there 
is no precise knowledge at all as to the comparative number of culms 
for'the two consecutive seasons upon the original area. Again, with 
certain plants, after the'first season, deterioration begins within the 
original; area, and such area of deterioration gradually enlarges. Withm 
such an area tlie .number of culms would be very evidently less' than 
before deterioration began. 

ANALYSIS OF CULM FORMATION 

An examination of the data secured indicates that a closer analysis is 
possible, than is, given above., At the first count, as previously indicated, 
the plants fell into five groups in regard to number of culms. ,As but 
twO' plants had five culms, this group will be disregarded in the present 
analysis. There are thus left four groups constituted as follows: 

iTtniiBaR o? aANts. 

..28'' 

24 

..28 

Total..............'.95 

.The mean was secured 'for each group for each counting date. The' 
means' of the four series are'Shown in Table II. 


ODliMS PISS;. PWiCNX. 
I. . 

2 .. . . ... 

3', ........... . 

4 ,,,..'..'....... 
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Tabi^B of number of cuhns per plant with initml cmlmagefmm I to 4 


Date. 

Mean ntimber of culms. 

Jtine 19... 

I 

2 

3 

4 

24... 

I- 57 

2- 92 

3. 61 

4.27 

29...,. 

3.46 

5. oS 

d 18 

5- 87 

July 5. 

S- 79 

8. 46 

12. II 

12.33 

10..... 

6. 71 

9.67 

14. 46 

IS- S3 

^5. 

7- 75 

12. 29 

17.18 

18.73 

20 ..... 

9.71 


19.96 

21. 93 

25... 

14. 04 

21. 88 

25.43 

28.93 

... 

20. 29 

29. 42 

35- 79 

39.80 

Aug. 5... 

24- 39 

32- 58 

41.18 

46.73 

10 ... 

31*50 

39- 63 

S2. 29 

58.27 

25...*. 

38* 18 

49. 21 

65-39 

68, 00 

22....... 

48.18 

62. 83 

83. 71 

86. 60 

26... 

54.32 

71- 67 

95-43 

97* 47 

.*. 

63.86 

83.63 

109. 07 

109. 60 

Sept. 3......... .. 

75-64 

94. 21 

X22. 82 

3t23, 93 

II... 

90.04 

107. 42 

143- 04 

140. 40 


A casual examiaation of tie four series of means in Table II shows 
that, so iar as number of culms per plant is concerned, there is a gradual 
increase in differences except between'the two series initialing at 3' and 
4. The series initialing'at 4 has fewer culms per'plant at the third and 
last count. Apparently the last series shows a lag, in comparison 
with what one observes among the first three series. A, possible explana¬ 
tion of this lag will be given later, but attention is called again to the 
fact that the last series included only about half the number of plants 
found in the other series. To render the four groups more graphic they 
are plotted and shown in figure 2. 

It seems strange at first sight that two groups of plants differing by 
only a single culm at an early stage of their existence should later come 
to show such a marked difference' in this regard. It seemed possible 
that an explanation might be forthcoming on the basis of different 
degrees of heterosis; that is, the different degrees of growth vigor due 
to the differences in heterozygosis or amount of hybridity. 

' Two assumptions would be necessary, in connection with' the well- 
known fact that brome grass is a normally inter-pollinating plant. One 
assumption would be that in a random sample of brome-grass' seed-’ 
lings some of them would possess.a considerably higher degree of heterosis 
than others and that this difference in heterosis would result,, in' one 
direction, in a varying number, of cuhns' produced, per' plant. It. is 
.extremdy probable that brqme-grass seedlings taken at .random have 
genotypes.'of sufficient diversity to, be. responsible for^ certain differences 
in vigor of growth''which' might easily ■: find, .expression in. a difference in 
number of culms. ;;Moreover,.''one'wouId'dookTor''an''mitiaI difference 
of this ,!dnd to .be' cumffiative;,,,.in, character,''as the difference in vigor 
'would persist through the life history of ,the" plant. The 'foregoing expla- 
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nation^ while perhapvS attractive, is rather too speculative for experi- 
mental proof. 

The problem at hand is simply the explanation, of the increasing 
difference in number of culms per plant for the various, groups with 
different initial culmage, assuming, from lack of knowledge, that initial 
differences were purely accidental (enviromental) rather than geno- 
typical. 

If an explanation is at hand for the increasing diversity, starting from 
initial differences in the seedlings (environmental in character), there 



af.““Piotting of aTcra^e manber of cxilms per plant at different dates of coimtinjs:, arranged In four 
groups ■witli regard to initial culmage. 

would scarcely be room for additional explanations based on genotypical, 
diversity. 

In formulating another explanation, one may start with a goieral 
idea of the mechanics, ,let us say, of culm formatiom ' For example^ if 
a single culm is present, sooner or later an additional culm will be added, 
thus doubling the number. Later on the' plant thus constituted ‘will 
receive added increments, but the rate of increase of th^ future incre-' 
mentS' .will to a considerable extent have to be assumed. , However, it 
is, certain that each culm, new and old, can not go on adding one more 
culm' to itself, indefinitely 'at each stage of culm accretion, ' Such a rate 
would aoon'be' Self-inhibiting' frompurely spatial' considerations.' Ver,y 
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superficial observations lead to the necessary conclusion that culm for_ 
mation in the interior of a grass plant, within the boundary of a more 
or less narrow peripheral ring, is sooner or later slowed down to a nearly 
zero rate. A few culms in the interior may be formed, but certainly 
anything like continued doubling is quite impossible. Culm increase is 
mainly always centrifugal in character. 

USE OF CONVENTIONAL PLANTS 

Relative merely to the rate of cuhn formation, four conventional plants 
were conceived with one, two, three, and four culms per plant, respectively. 
It was recognized that the rate of culm increase would presumably 
lessen as the total number of culms per plant increased. Even the mini¬ 
mum rate of increase of a i-culmed plant could not be maintained for 
any length of time, as was pointed out above. In dealing with the four 
conventional plants Just mentioned, notice was taken only of the number 
of culms added at each culm accretion period. The time element, the 
time elapsing between successive accretion periods, could be modified 
at win. With the groups of plants actually in hand, the time element 
was a factor to be reckoned with. As the time between counting periods 
was lessened the number of culms added each period was lessened, and 
contrariwise. 

With the foregoing ideas in mind, the four conventional plants were 
assumed to double their entire culmage at definite intervals so long as 
the entire culmage was peripheral in character. In the more advanced 
states, when a differentiation became existent between the interior and 
peripheral areas, only the peripheral culms were conceived to produce 
sister culms. It is obvious that as a plant increases in size, the peri¬ 
pheral ring, assuming it to remain of constant thickness, increases in 
area relatively more slowly than the interior area of the plant. In 
terms of rate of culm formation, this would mean that with the increase in 
size of plant, coincident with its advancing age, the ratio of culm increase 
would constantly decrease as the total number of culms per plant 
increased. 

The earlier stages of the conventional plant initialing with four culms 
is presented. This one suffices, since the plants initialing at one and 
two culms pass through the 4-culm stage The plant initialing with 
three culms has its stages somewhat modified. Tudipating culms by 
4ots we have the following scheme: 
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From the foregoing explanation, it is seen that only the peripheral 
ctilms produce sister culms, and at any stage of increase a peripheral 
culm produces only one sister culm. The series resulting when the 
initial culmage is 4 is obviously as follows: 4, 8, 16, 28, 44, 64, etc., the 
first difference being continually augmented by 4. The general expres¬ 
sion for this series is 

y = —2X+4. 

Now, the point in question is whether the results obtained in the 
field agree reasonabl}^ well with the figures obtained from the conven¬ 
tional plants. In the first place, one is dealing mth the phenomenon 
of growth, which' develops in a continuous manner. However, since 
the new growth is not recognized tmtil it attains a certain stage of develop¬ 
ment in a culm of certain height, the accretions may be considered as 
being discrete in character. The method of recording the accretions, 
by counting, was necessarily discrete. The, time elapsing between was 
chosen in a purely arbitrary maimer, and in any explanation or symboli¬ 
cal description of' rate of culm formation it would be purely a matter 
of choice if the length of time between countings were modified in one 
way or another. If the time periods were to be arbitrarily'reduced, 
from those used in the field, the number of culms appearing at eadi 
counting would have to be interpolated in so far as the new periods 
were concerned. The same would hold true if the time periods were 
increased unless, indeed, the new time periods were made some multiple 
of those actually used. As a matter of convenience, it seems better to 
double the period length between countings when comparing conven¬ 
tional plants with the actual ones. The number of countings would 
therefore be reduced to nine with an interval of about 10 days between 
successive counts. 

In Table III are given the counts made upon the four series of plants 
based upon lo-day intervals, and for comparison there axe presented 
the figures' from the four conventional plants having a rate of culm 
increase according to the scheme outlined. 


Tabum III .—Comparison in rate of culm formation between four groups of plants and 

four conventional plants 


Bate, 

Hiimberof ctslms. 

A 

B 

A 

B 

A 

B 

A 

B 

Jane 19.,.. 

I 

I 

2 

2 

3 

3 

4 

, 

^ ,4 

29- 

3-46 

2 

5. 08 

4 

6, iS 

6 

s-87 

8 

July xo,. , . 

4 71 

4 

9.67 

8 

14.46 

12 

15*53 

16 

20. . 

9. 71 

8 

15.00 

16 

19.96 

22 

21-93 

28 


20, 29 

16 

29.42 

28 

35- 79 

' 36 

39.80 

44 

Aug.' 10. 


28 

1 39-53 

44 

52.29 

54 

58.27 

'64 

'23 ... . 

48.14 

, '44 

62. 83 

64 

S3. 71 

76: 

86. 60 1 

88 

r.' 

63. 86 

64 

83-53 

88 

109. 07 

102 

109. 60, 

' ri6 

Sept XI, , . 

90,04 

, .88,; 

107. 42 

I16 

'143.04 

' 133 

140. 40 1 

y' ,4'48' 


54131 °— 21—2 
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ANALYSIS OF TABLE' III 

It is evident from a casual inspection of Table III that there is a rather 
striking similarity between the two comparison columns, A and B, in the 
several cases. 

Using either A or B as the standard, the deviations added with respect 
to sign give a sum equal to 5.11 culms for the entire number of coimting 
periods. Reduced to the mean deviation for each counting period it is 
less than unity, an inconsequential amount. However, the size of the 
deviations must be considered; so that if they are added irrespective of 
sign and the mean deviation per group determined for each counting 
period, one finds the mean to be 2.92 culms. This mean deviation is 
about 6 per' cent of the mean number of culms for each counting period. 
Considered from either of the foregoing standpoints, it appears that the 
agreement between the rate of culm formation of tlie real brome plants 
and the ideal rate of formation of the conventional plants is reasonably 
close.' It is not to be understood that 'the plants in thC' field really 
■follow the ideal method as 'outlined. This would be putting the case 
ratlier too strongly. It is known that the actual and conventional 
plants started 'with the same number of culms and that culm formation 
proceeds centrifugally in the actual plant as it does by li}q>othesis in tiie' 
conventional plants. Finding the results in the two cases so closely 
in accord, one may say wi'thout much hesitation that given a certain 
number of groups of plants of Bromus inermis possessed of varying 
initial culmage, one may expect, with normal development, a continual 
increase in number of culms for each group but at the same time with a 
continual increasing diversity in number of culms between the various 
groups according to fixed rates. 

/ While the correspondence of group A and group B, taking them as a 
whole, can be considered only general in character, it apparently is 
'SuflS.cientiy close to make it seem unwise wi’th our present knowledge to 
make other attempts to explain the,''increasing djversity in number of 
culms, between the various groups with the advance of age of plants. 

' It should be observed that the number' of plants in tb.e group having 
four initial culms was somewhat lower than' in the other groups. The 
lagging effect exhibited"by thiS'group may be attributed perhaps to the 
fact that the plants of the group did not comprise so representative a 
sample as did the plants of the other groups and that more than' their 
due proportion lagged behind, t|tus diminishing' the true mean. As a 
matter 'Of fact there were a number of plants which' behaved, after the 
first one or two counts, as though belonging genotypically, to one 'Of the 
groups having a smaller initial culmage. 'However, another explana-^ 
ti'On is'possible. ■ It may'be that the effect of transplanting was more 
detrimeiital to, the 4-culm plants, which were'farther advanced, than to 
the plants not'; sO' far, developed. Such' an effect .would be''a retarding' 
'one and likely To be'confused','With constitutional'difference. ■ 
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COMPOUND' INTEREST LAW 

The compound interest law applied'by Blackman^ to plant,growth 
deals with processes in which any rate of change varies as the quantity 
which is changed. This law evidently applies^ in the present case, as 
the larger the brome-grass plant the larger the peripheral ring which 
produces new culms. This law is expressed symbolically as 

where is the final weight or measure of the plant, the initial 
weight or measure,, r the rate of interest, t the time involved, and e the 
base of the natural system of logarithms. Obviously 

log PF,--log W, 
i log e 

The rate of interest, r, appears to Blackman, as an important physio¬ 
logical constant, for it represents to him the efficiency index of the plant 
as a producer of new material. 

Similar efficiency indexes were calculated for culm formation in 
Bromus inermis for the four initial culmages for the various dates. ^ 
Each index, or interest rate, indicates comparative average rate of 
growth per day for the period of growth to each respective date,' using 
the proper initial culmage as the base in each of the four cases. The 
indexes are presented in Table IV. 


TAsrn IV .—Efficiency indexes of culm formation •with four-initial ctdmages as determined 
by the compound interest law 


Growth period. 

One 

initial 

ctiim. 

Two 

initial 

culms. 

Three 

initial 

culms. 

Four 

initial 

culms. 

5 *... 

0. 090 

0. 076 

0. 037 

0. 013 


. 124 

•093 

. 072 

.038 

16.. 

. no 

.090 

. 087 

.070 


. 091 

• 075 

-075 

.065 


.079 

. 070 

.067 

.059 

3 ^... 

•073 

.065 

, 061 

•t>S 5 

..... 

• 073 

. 067 

•'O59 

' -055 

42 • ‘ • . •. -... 

. 072 i 

i . 064 

•059 

■'O55 

47. i 

. 068 

•059 

.056 

. 052 

52...,.'.1 

. 066 

i -057 

•055 

: . 052 

57 - ... •‘••1 

, 064 

. 056 

•054 

I ' . O'SO 


. 061 

.054 

.052 

. 048 

68. ... 

.059 

•053 

.051 

.047 

73 *'. v.;- ... 

*057 

-053 

.049 

.045 

78. . ..... 

.056 

.049 ! 

, 048 

. 044 


.054 ^ 

,047 

. 046 i 

, 043 


^niackmaB, V, H. xun combotjnd 'interest eaw anp viAm growth in Ann. Bot, v. 33, no. 13s, 
P.3S3-360. 193:9.' 
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From Table IV one notes a distinct rise in the indexes up to the second 
or third counting period and then a gradual but somewhat irregular falling 
to the last period. The indexes as a whole decrease in size as the initial 
culmage increases. For the group'of plants initialing at 4 the efficiency 
index, or rate of interest, averages less and is uniformly less than for any 
of the other groups. During the early stages the rate of increase is con¬ 
siderably higher with the plants with fewer culms. An individual plant 
with I culm doubles its culmage at the first increase, but with a 4-culiiied 
plant the culmage need be increased but by 25 per cent. It would seem 
to appear in this case that the.plants with the larger initial culmage are 
less '‘efficient’' than the smaller initialing group and that this diminished 
“efficiency” is automatically due to the larger size of plant. This con¬ 
dition is quite different in those cases cited by Blackman, where the small 
initial seed weights lead directly to a lessened efficiency index. It is not 
evident that the indexes dealing v/ith culm formation in brome grass have 
any real organic significance. 


SUM^L4Ry 

A study is made of rate of culm formation in Bromus inermis. The 
rate of increase is not fixed but takes place at an accelerating rate. An 
equation was developed which expresses the rate of increase' in a sym¬ 
bolical manner. The resulting curve is of the parabolic type. 

An analysis of the data shows that plants initialing at culmage i, 2, 3^ 
and 4 become, on the whole, increasingly more divergent in number of 
culms during the season. This increasing divergence may be explained 
from the initial culmage and the consequent mechanics of further culm 
formation. It is not evident that the compound interest law has any real 
organic significance when applied to culm'formation in Bromus. inermis. 



RELIABILITY OF THE NAIL TEST FOR PREDICTING 
THE CHEMICAL COMPOSITION OF GREEN SWEET- 
CORN' 

By CharIvES 0 . Appli^man 

Plant Physiologist, Laboratory of Plant Physiology, Maryland Agricultural Experimmi 

Station 

INTRODUCTION 

The chemical composition of green sweetcom changes very greatly 
during the ripening period. The rate at which these changes occur 
depends upon the prevailing temperature. In warm weather the stage 
of ripening that furnishes the most desirable chemical composition of 
green sweetcom, either for table use or packing into cans, passes very 
quickly. This rapidly changing composition of the com also introduces 
the chief difficulty in conducting various lines of experimental work 
that require the sampling of ears as nearly as possible at the same stage 
of ripening. In practice, as well as in experimental work, it has'been 
customary to resort to inspection of certain ' physical and structural 
characters of the com as a basis for the prediction of the approximate 
chemical composition of the kernels. One of the tests frequently used 
in this connection, especially in experimental work, is the so-called' 
nail test. 

THE NAIL TEST 

In the manipulation of the nail test the thumb-nail is thrust into the 
kernel, and if the exudate is milky the com is said to be in the milk or 
best edible stage. If, on the other hand, dough is forced out of the 
kernel by the nail the com is said to be in the dough stage and is con¬ 
sidered too fat advanced in ripening to give the best quality to green 
com. In order to determine within what limits the chemical compo¬ 
sition of die com can be predicted by the nail test, it was applied at 
different stages of ripening, and samples were taken from the ear for 
analyses. In this study four stages were indicated by the nail test 
and designated as follows L. 

(1) The premilk stage. The exudate from the kernels in this stage 
is cloudy or opalescent, but not white and milky. 

(2) The typical milk stage. The exudate is milky, and' the kernels 

are white. ^ 

(3) The early, dough stage. In this stage a little pressure by the nail 
is’ required to force out the creamy contents, which also' contain a little 
dough. 

1 F>ubliahed ■witli the approval of the Director of the Maryland Agricultural Experiment Station. 

A large part d the experimental data in Ihis paper was compiled from other problems, in which both 
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(4) The dough stage. At this stage of ripening only dough is force 
out of the kernels by the nail, and the kernels are also beginning to show 
considerable yellow color. 

EXPERIMENTAL DATA 

Stowell’s Evergreen com furnished the material for this study, which 
covered two crops. The first crop was planted so that it ripened in 
August. The average hourly mean temperature for the ripening period 
was 83° F. This crop will be spoken of as the early crop. The second 
crop ripened in the cool autumn. The average hourly mean tempera¬ 
ture for the ripening period was 65°. Besides being cool, the weather 
was usually cloudy and damp. This crop of com will be designated 
as the late crop. 



Fig, 1.—Relative percentages of total sugars and starch in green sweetcorn at different stages of ripening 
as indicated by the nail test. The solid columns represents the starch percentages, and the forolcen 
columns the percentages of total sugars. Each pair of columns represents a single ear. The ears for each 
stage of ripening are arranged according to the percentage of water in the kernels, beginning with the 
highest water content at the left of the figure. 


The experimental results.are set forth in Tables I, 11 , and III and in 
figure I. Only moisture and carbohydrate determinations are given, 
as these constituents are the ones chiefly involved in the changes in 
percentage com,position of the com during ripening. 


Table I .—Percentage composition of swecicom at different stages of-ripening as indu 
caied by the nail test. Early crop 


Nail test. 

Number of tests. 

Moisture, 

, Total 
sugars. 


1 

'Maximum........... 

S7. 52 

, '8, 06 

Tremilk... 

9] 

Minimum..,.. 


■ ' 5 * 3^5 



.Average..'.,......,'.■. 

85. 16 

6. 26 



'Maximum.;... 

84. 94 

7.56 

.Uiik..,. 

isj 

Minimum...,.. 

' " 73 * "2 5 

4. 08 



, Average.. 

8q. 16 

■ S- 79 , 



Maximum... 

, 73 - $0 

4. 61 

'Early ^oiigh. - ,,, 

9 I 

Minimum....■ 

66. ,24 

2.94 



[Average..! 

71. 07 

3.91 



f Maximum. 

69. 59 

4, x7 

'’Bough,... 

'xsj 

Min,imum...,..,'.'.., 


2.12 



[Average'.■. ^, 

63.92 

3.17 



Ratio of 

Starch, 

sugar to 
starch. 

4-93 

2.^33 

3‘29 
in 94 

1 1-903 

1 

4.27 

f ■ 750 

" 7-72 
29 - 57 
IS IS 
16.35 

J 

1 -m 

25. 42, 

, 1,7, 8 q 
21. 62 

j .146 
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Tabi^E 11 .—Percentage composition of sweetcorn at different stages of ripening as indi¬ 
cated by the nail test. Late crop 


Nail test. 


Number of tests. 

Moisture. 

Total 

sugars. 

Starch, 

f Maximum. 

go. SS 

6. 78 

3- so 

Minimum. 

85.51 

S-21 

2. 14 

[Average. 

88.7s 

S‘ 76 

2. 71 

[Maximum.| 

85.40 

6. 68 

73 

Minimum.i 

80.56 

5. 02 

3* 89 

[Average. 

83- 54 

5- 81 

s- 51 

[Maximum. 

82. 56 

4-93 1 

12. 66 

j Minimum. 

74- 13 

I. S'8 

10, 19 

[Average. 

77- 95 

3-38 

II. 24 


Ratio of 
sugar to 
starcii. 


Premilk..... 

Milk. 

Karly dough 


2.126 
I. 054 

.300 


Table III- Average percentages of Tables I and II calculated to dry basis 


Crop. 

Premilk stage. 

1 . Milk stage. 

Early dough stage. 

Dough stage. 

Total 

sugar. 

Starch. 

Total 

sugar. 

Starch. 

Total 
sugar. 1 

Starch. 

Total 

sugar. 

'Starch 

Early. 

hate... 

42.013 
51. 200 

; 22. 080 
24.080 

29.183 
35- 297 

38.911 
33* .47 5 

13- 51s 

15-328 

56.519 
so- 975 

8.786 

59- 92a 


EAREY CROP 

The percentages of moisture, total sugar, and starch were fairly uni¬ 
form in the kernels from the ears of the early crop classified by the nail 
test as being in the premilk stage. The same was true of the ears picked 
in the eaidy dough stage. The ears picked when the nail test indicated 
the typical milk stage showed, however, a considerable range in the per¬ 
centages of the foregoing constituents, indicating extensive carbohydrate 
transfoiination in the kernels during the milk stage, ' The ratios of total 
sugar to starch ranged from 1.428 to 0.387. 

During' the period when the com gave the typical dough test tlie per¬ 
centages of starch gradually increased. The percentages'of Total sugar 
were somewhat irregular but uniformly, low. The dough'stage covered 
the period from the end of the early dough stage until the moisture in 
the' kernels was reduced to about 60 per cent- At this point the carbo¬ 
hydrate transformations had practically reached equilibrium''positions, 
and, thereafter the percentages of sugars and starch increased O'tily as 
water was lost by evaporation. Calculated on wet basis, ^ the percentages 
of total sugar for each stage of ripening showed'.less variation than the 
percentages of stai'ch, 

EAXE crop 

The percentage composition of the kernels for each stage' of the late' 
crop was much mote uniform than the,corresponding stage, of ,the:early 
crop. The percentages of starch in' both, the milk, and yearly dO'Ugh stages 
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were lower in the late crop than in the early crop. The ripening processes 
proceed to nearly equilibrium positions independently of the rate of 
water loss by evaporation. On account of the cool, damp weather, the 
late crop came to the early dough stage with a relatively high percentage 
of water, making the percentage of starch lower than at the same stage 
in the early crop. By comparing the percentage' of to'tal sugar and 
starch based on dry weight and also the ratios of total sitgans to starch, 
it will be noted that the late crop in the milk and early dough stages vras 
not quite as far advanced in ripening as the early crop in the same stages, 
A smaller ratio of sugar to starch indicates a more advanced stage of 
ripening. 

SUMMARY AND CONCLUSIONS 

Based upon the nail test the ripening period of sweetcom was divided 
into four stages—^the premilk, typical milk, early dough, and dough 
stages. ^The application of the nail test in classifying green corn into 
these four stages of ripening is described. 

, The reliability of the nail test as a means of predicting the .chemical 
composition of green com at different stages of ripening is shown by the 
.results of chemical analyses of the com after the nail test was applied. 

The reliability of the nail test is influenced by the rate of ripening and 
also by the rate of water loss by evaporation. 

The corresponding stages of crops ripening under different climatic 
conditions vary both in uniformity of composition and average percent¬ 
age composition. The percentage composition of the carbohydrates in 
the milk stage of a late crop was much more uniform than in the same 
stage of an early crop. 

The nail test is most reliable when applied to crops which ripen slowly 
in the cool autumn. These crops are most suitable for experimental 
work requiring the sampling of ears as nearly' as possible at the same 
' stage, of ripening, 

. In each of the ripening stages except the dough stages the percentage 
of total sugar was more constant 'than the percentage of starch.' 

AsTipening proceeds, the increase in the percentage of starch is much' 
greater than can be accounted for by the decrease in the percentage of 
sugars. Prom the beginning of kernel formation until the end of the 
ripening, period there is a continual movement of sugar from the plant 
„ into the kernels, where it 'is transformed into starch. 



TRANSMISSION OF SOME WILT DISEASES IN SEED 

POTATOES^ 

By M. B. McKay 

Associate Plant Pathologist, Oregon Agricultural Experiment Station 

Among the diseases of tlie potato plant (Solamim kiberosmn L.)> tlie 
wilt diseases are the most widely known and are^ reported to cause the 
greatest loss tlie whole country over. There are several fungi which 
cause wilt of potato plants, but the most important and most frequently 
mentioned are Fusarium oxysporum Schlecht. and Verticillium albo-atmm 
Reiiike and Berthold. These parasites have been known for many years 
as a cause of disease in potatoes, and although many important facts 
concerning tlieir nature and control have been learned by the different 
investigators who have studied them, there still remain points of interest 
and value concerning which there is a lack of adequate and definite 
knowledge and which will require much additional work to be completely 
cleared,'up. The investigations reported here were begun in order'to 
secure some knowledge of the importance of these wilt diseases in Oregon 
and to determine the extent to which the fungi causing, them are trans-' 
mitted from year to year in seed potatoes. Fusarium radicicola Wollenw. 
has during this work been frequently isolated from tlie stem-end vascular 
region of potato tubers that in appearance could not be distinguished 
from those affected by a known wilt fungus. It has been necessary, 
therefore, to include this fungus in this study even though it is not known 
to be a cause of wilt of potato plants. Incidentally, also, some data have 
been collected on the natural occurrence of these organisms in the soil 

This work was begun in 1916 and continued to the end of 1920. It has 
been conducted mainly in the vicinity of Corvallis, though field observa¬ 
tions have shown that the organisms studied performed in very much 
the same way throughout western Oregon. However, the results secured 
probably could not apply in their entirety to the eastern part of the 
State where the soil, climatic, and other conditions are very 'different. 
The work was begun with the supposition that Fusarium oxysporum was 
the organism chiefly responsible for potato-wilt in this region, but as tlie 
investigation has progressed it has been found that Verticillium ulbo-atrum 
is much the more serious of the two and that 'the former organism is 
relatively ■unimportant in western Oregon. Some 'of tlie tests begun for 
the purpose of determining the length' of rotation necessary to avoid wilt 
infection from the soil can not be completed before a few more seasons 
of study. The work on the transmission of the organisms in seed potatoes 
has been terminated, however, and the results secured are given here. 

■*■ Published with the pcmiission of the Director of the Oregon Agricultural Experiment Station. 
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TRANSMISSION OF ORGANISMS IN SEED POTATOES 
materials and methods 

In 1916 several lots of diseased and healthy potatoes of ciiflexent 
varieties and from several localities were secured as follows: Seven 
lots of diseased potatoes—one each of American Wonder, Burbank, 
Early Rose, Up-to-Date, and Producer from three localities in Oregon; 
one lot of Rural New Yorker from Colorado; and one lot of Sir Walter 
Raleigh from Michigan; and six lots of healthy potatoes—one each of 
Burbank, Uncle Sam, and Gold Coin from Oregon, and one each of 
Burbank, Rural New Yorker, and Irish Cobbler from Wisconsin. These 
tubers' were tested for the presence or absence of organisms in the stem- 
end vascular region in the following manner: ' The potatoes were weighed, 
numbered, washed, treated,with mercuric chlorid i to 1,000 for two 
,hours, rinsed through two lots of boiled and cooled water, spread out for 
one day in the laboratory to dry, placed' in clean paper bags, and later 
cultured as follows:' With a flamed and cooled scalpel a small cone of 
tissue about }4 inch, in diameter and inch deep was removed from 
around the point of' stolon attachment. With anotlier flamed' and cooled 
scalpel a piece of tlie inner exposed vascular tissue, together with some 
surrounding parenchyma tissue, was taken from tlie discolored area 
{PI. 139, A, B) when present, or from apparently normal tissue when 
discoloration was not present. This was placed in a test tube containing 
a moist sterilized sweet clover stem and incubated in the laboratory 
exposed to strong north light. As a rule a pure culture of whatever 
organism was present-was secured (PI. 141,, B), though occasionally 
more than one organism was isolated. These organisms could often be 
identified directly from the original isolation culture, though always in 
,the case of Fusarium spp. transfers were made to tubes of sweet clover 
stems, steamed potato cylinders, and steamed rice for final identification. 
By means of gro’^vth characters, colors, 'and characters of the spores which 
'.d'eveloped on these media, many of the species, including F,.oxyspomm^ 
F, radicicoia^ F, solani (Mart.) Sacc., F. discolor kpg. and Wollenw., 
F, discolor var. std'phweum (Schlecht.) App. and'Wollenw., F. coerukum 
(Lib.) Sacc., and F. culmorum (W. G. Sm.) Sacc. could be detemiined 
by the methods of 'Wollenweber (13)^ and Carpenter;(:?).. Occasionally^ 
/other species of Fusarium were encountered'with which Yhe author was 
not .familiar and which were not determined. 

,''After taking cultures the tubers were then'prepared for'planting. ., All 
'Yttbers'Weighing 3 'ounces or less, were planted whole;''those' weighing 
::;;|rom ,4'TO' 7 ounces, inclusive, were divided 'into two lots, one lot being, 

' cut', transversely into stem and eye'halves and the other" longitudinally 
"' into''right'and left halves; and those weighing 8 ounces and over 'were 
,''cut .longitudinally'and transversely into quarte'rs (PL 139, ' C)'. All 

^ Refemice is. iimde'SFniimber (italic) to “Literaturedted.”'p, 847-S48* , 
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the seed pieces were then planted on recently cleared land which, had 
never grown a crop of potatoes and were given good care throughout 
the growing season. During the season notes on vine growth were made 
at occasional intervals. In the fall all the hills were dug and weighed 
separately. All hills gt'own from seed pieces from which known or sus¬ 
pected parasitic organisms had been isolated and a representative miniber 
of hills grown from fungus-free seed pieces as indicated by the cultures 
were kept for culturing in the same way that the seed tubers had been 
cultured in the spring. Some of this material was then kept for use as 
seed stock the following season, when a much larger planting on' well- 
rotated land was made. The results obtained during the different 
seasons did not vary greatly but appeared to be in close accord. 

RELATION BRTWEEK TUBER SYMPTOMS AND OCCURRENCE OE ORGANISMS 

therein 

The presence or absence of discoloration in the vascular region of the 
stem end of potato tubers has rather generally been taken (5, 7) as a 
reliable guide to the presence or absence of wilt-producing fungi, though 
for Verticillium albo-atnmi, Pethybridge { 8 ) has pointed out that this is 
far from being an infallible sign. Based on a study made in 1915 and 
with which' the writer was associated, Edson (4) states that— 

In the materials studied, vascular discoloration of the stem-end tissues of Iri^ 
potato tubers was not found to be proof of the presence of parasitic fungi. Discolored 
bmulles were often sterile, and fungi were frequently isolated from tissues which 
appeared nomial. 

The extent to which the presence or absence of discoloration can be 
depended on as "a guide to the presence or absence of wilt-producing 
fungi is of importance, for it is frequently desirable to estimate the 
amount of wilt infection In 'seed potatoes merely from the appearance 
of, the tubers. Consequently, a further study 'has been made of this 
relation in several different lots of potato tubers, of which the following 
may be mentioned in detail: ' ■ 

Six hundred IJp-to-Date tubers grown in 1917 in hills attacked by 
Verticillium albo-atrum were cultured by the method outlined above. 
Nearly three-fourths of them (439 tubers, or 73,2 per^ cent), yielded 
F, albo-atrtim in culture. Of these, 70.8 per cent were ^'bromoied'' in 
tlie vascular region at the stem end, 19,6 per cent were yellowed/' and 
9.6 per cent were *^not discolored'* at all. Of the 95 tubers in this lot 
which gave no organism in culture, 18.9 per cent were '‘‘browned" in 
the vascular region, 17.9 per cent were “yellowed,"'and 63,2;per cent' 
were “not discolored." There were iii tubers altogether which had 
no discoloration in the vascular region. Of these'54, per cent, gave, no 
organism in the cultures; ,8.x per cent 'gave “miscellaneous ,fungi,",', to 
which no importance can be attached, for they probably cause no diS'C^e, 
of potatoes,; while more 'titiann' third, 37.9 per cent, 
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Of all the tubers which were “browned,” 14.2 per cent gave no organism 
of importance, and 84.3 per cent gave V. albo-atmm. Thus, if this lot 
of tubers had been sorted for seed on the basis of the presence or absence 
of discoloration in the stem-end vascular region, 38 per cent of those 
passed as fit for seed would have been infected with V. albo-airrm, while 
14 per cent of those eliminated for seed purposes would apparently have 
been entirely free from a wilt-producing organism. 

In another lot of 647 tubers of seven varieties grown in 1917 from 
disease-free seed potatoes on soil badly infested with Verticillium albo- 
airum, nearly half of them, or 293 tubers, were “browned” in the vascular 
region. These when cultured gave 55.3 per cent V. albo-atrum, 21.5 per 
cent Fusarium radicicola, 14.7 per cent “miscellaneous fungi,” and 7.2 per 
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Ro. 2.—Diagram prepared from tHe vertical percentages given in Table I, showing the percentage 
occurrence of diffeirat organisms in tubers of a given discoloration. 


cent no organism. Of the^ 260 tubers of the entire lot which' gave F. 
dho-atmm in cultures, ,2.7 per cent were affected by jelly end'^ or slight' 
stem-end rots, 1.9'per' cent were ‘'blackened**' in the stem aid, '62,3 per 
'cent were ‘''bro^wned,” 30.4 per cent were “yellowed,** and 2.7 per cent 
showed “no discoloration** in the vascular region. 

'In another lot of 49Spotato tubers of seven varieties grown in 1917, 
from disease-free seed potatoes inoculated at planting time with, pure 
cultures of Veriicillmm albo-atmm, 232 tubers were “browned** in the 
vascular .region. These when cultured gave 60,5 per cent F. albo^atmm^ 
9.6 per'cent Fnsarmm radicicola, 26.5 per’cent “miscellaneous fungi/* 
and 2.1 per cent no organism. Of the 244 tubers which gave F, alho- 
airum^m cultiires,'o,8 per cent were affected by ‘‘Jelly end** or slight dry 
stem-end rots, '2.9 per cent were'“blaek'ened** jn the vascular region, 
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82*4 per cent were ‘'browned/* 13.5 per cent were “yellowed/* and only 
04 per cent were “not discolored.** ' 

In still another lot of 258 Up-to-Date potato tubers grown by plants 
wilted naturally in the field witlx Veriicillimn albo-atrum during the 
season of 1916, 75 were “browned** in the vascular region. These when 
cultiirec! gave 57.3 per cent F. albo->airum^ 9.3 per cent Fusarmm 
spp., 28 per cent “miscellaneous fungi,** and 5.3 per'cent no organism. 
Of the 97 tubers which gave F, alho-atmm in cultures, 44.3 
per cent were “browned** in the vascular region, 41.2 per cent were 
“yellowed,** and 14.4 per cent were “not discolored.** 

Ill Table I is given a summary of practically all of the data collected 
during the course of this investigation on the relation of discoloration 



of the vascular region to the occurrence of organisms in potato Inbers. 
A part of' 'the data in the table is shown graphically in figures x and 2. 
The results show'ix here are from a total of 12,136 tubers grown under a 
variety of conditions during three seasons from nine varieties and should 
therefore not be unusual but should serve as a basis for seemingly reliable 
conclusions. The table shows VerticiUmm albo-atmm was isolated 

from, 2.097 tubers, of which only a small percentage, 1.5, were affected 
by “jelly end** and slight dry stem-end rots. This is considered to be 
an accidental and mixed rather tlian a specific infection,, because the 
,great majoirty of the tubers affected by such rots,gave other organisms 
in culture and all available data ■point to, the „ fact that-F: 
dho-atmm does not cause a specific rot of potato tubers. Also,' only h. 
small percentage, x*i, were “blackened**,in'the vascular region,; ,;The: 
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great majority of the tubers, 64.6 pei' cent, were “browned”; a large 
portion, 26.2 per cent, were “yellow” while a comparatively 'small 
though appreciable number, 6.6 per cent, were “not discolored.” Thus 
tlie data indicate that tliis fungus when present in potato tubers is 
accompanied in the majority of cases by distinct discoloration but that 
frequently the discoloration is very light or even entirely absent and 
that therefore discoloration of the tubers is not a reliable basis for judging 
whether or not this fungus is present. 


TABrn I .—Relation between stem-end vascular-tissue discoloration and occurrence of 
organisms in potato tubers grown during the seasons of Jpi5, igi 6 , and igir, under 
various conditions^ some by diseased and others by healthy plants 


Organisms isolated. 

Tubers with— 

Totals. 

: “Jclly-ead” 

, and slight 
: dry stem- 
' end rots. 

Inner vascular region at stem end— 

Blackened. 

Browned. 

Yellowed. 

Notdis- 
1 colored. 

Vefiicillium alho- 
aimm. 

^ 8 .S 
^ 33: 

I -5 

9 * 3 : 

22 

I, I 

30*7 

hSSS 

64.6 

16. 5 

550 

26. 2 

3 *<> 

X 39 

6.6 

X 7 * 3 
,; Q 97 

!■ xoo 

Fusarium tadici- 
cola. 

12. 2 

43 

8.3 

12.1 

29 

: ' 5-6 

7*5 

333: 

64.2 

2.8 

94 
iS. 2 

0. s 

19 

3-7 

4.2 

5x6 

TOO 

Fwarium oxy- 
sporum> 

' ' 

4*5 

je 6 

5*4 

1 18. s 

45 

15*2 

4.0 

176 

59*7 

1 

1 X .4 

1 4^ 

16.3 

0.3 

xo 

3*4 

2.4 

295 

100 

Odier Fushritim 
species. - 

4.'2 

25 

6.9 

3-7 

9 

4 .x 

2.7 

119 

54*3 

1.6 

52 

23.7 

0.7 

24 

XI. 0 

X .8 

1 ' , 219 
100 

Miscelianeoiis 

fimgi. 

53*9 
' igx 

6.1 

36-3 

87 

2.8 

33*2 

^463 
; ■ 46. 4 

27. 2 

906 j 

28.7 

X 3*3 

506 

16.0 

26.0 

3 jXS 3 

100 

'None 

i 

16. 4 

5S i 
1.0 ; 

20.0 

48 

.8 

21. 9 

969 

16. 5 

50* 5 

1,680 

28.7 

'81. 6 

3, XOI 

53 * 

48-3 

5,856 

100 

yotsis. 

lOQ 

354 

; ' 2.9 

100 

240 

■2.0 

100 

4,4x3 i 

36.4 

100 

3.330 

27.4 

100 

3 > 799 
3 X -3 

100 ' 

12,136 
100 ■ 


a Iti box tbe middle set of fi,eures'shows the mimher of tubers which iix culture gave the results indi- 

'cated'W't^ehwiiugisof theiatmecting'.columns;^the lower right set of hgures,gives the pereentage this 
aUjmter Is of the total tubers xepreseaatedia'the horizontal columu; and the upper left set gives the percent** 
age of the total tubers m the vertical' column. 
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Fusarium radicicola was isolated from 4.2 per cent of all the tubers 
cultured and included in tlie table. It occurred to a greater extent than 
Verticillmm alho-atrmn m the “endrot’' and "'blackened*’ tubers^ the 
percentages for F. radicicola being 8.3 and 5.6, and for^ F. alho-airtim 1.5 
and I,I, respectively; and much less in the “yellowed” and “not dis¬ 
colored” tubers, the percentages being 18.2 and 3.7 for 'the former fungus, 
and 26.2 and 6.6 for the latter, respectiv^y. The majority, 64.2 per cent, 
of the tubers which gave this fungus were “browned” in the vascular 
region. From these figures it must be concluded that this fungus occure 
ratlier frequently in potato tubers and that it causes a somewhat heavier 
discoloration than F. albo-atrumln the invaded tissues. This latter fact is 
well shown in figure 2, in which at the left of the center, where the results 
from the heavily discolored tubers appear, F. radicicola occupies a higher 
position tlian F. alho-atnmi, and at the right of the center, where the 
results from the lightly discolored tubers are given, it occupies a lower 
position than F. a/60-a^nm. ■ 

Ftisariumt oxysponim has not been isolated during the course of this 
investigation as frequently as either of the other two organisms already 
mentioned,, having been secured from 295 tubers, or only 2.4 per cent of 
all tlie tubers cultured. Fifteen and .two-tenths per cent of tlie tubers 
from which this fungus was isolated were .“blackened” and only 3.4 per 
cent were “not discolored,” as compared to 5.6 per cent and 3.7 per cent, 
respectively, for F. radicicola and I'.i per cent and 6.6 per cent, respec- 
tivety, for, Verticillimn albo-atrum, A smaller percentage of the tubers 
from which F. oxysporum w^as isolated were “browned” than was true of 
those from which F. radicicola and F. albo-atnim were secured, the per¬ 
centages being 59.7 as compared to 64.2 and 64.6, respectively. Thus it 
appears that F. oxys^pormn caused even heavier discoloration in the tubers 
tlian either of the other two organisms. Although this is contrary 'to■ 
statements that are often made in literature (5, 7), the results secured 
during the course of tliis investigation have been consistent on this point 
tlirougliout, and^ it is believed that they are quite representative of the 
facts. 

Several determined and undetermined species are grouped in Table I 
under “otlier Fusarium species,” some of .which may be mentioned on 
account of their economic importance. Fmarium irichothecioides Wollenw., 
was isolated in April, 191:6, from one .tuber which was '“browned ” in the. 
ste.m-end vascular region., There .was mo rot. present, in this tuber, 
although,other tubers in the same lot were affected by “powdery dryrot” 
.and presented the typical appearance of this disease.' One stem,-end 
seed piece from tills “browned” tuber produced a normal,plant, but the 
organism appeared in^ two tubers'.out of nine produced in the MU,'one 
of which waS' affected the following spring by typical, pQwdery,,di:yrot, 
while the other was “ blackened ”'in the stem-end vascular/regi'On though' 
not rotted. J'The d,iscolor,ation,;present in 'this “blackened”';and the 
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former tuber could not be distingtiislied in any way from 

that usually present in tubers affected by Verticilliwm albo-atmm of 
F. oxysporum, F. discolor was isolated once from a tuber that was 
‘^blackened/' eight times from ‘‘browned'^ tubers, and twice from 
''yellowed'' tubers; F. discolor var, sulphureum once from a ''browned” 
and once from a "yellowed” tuber; F. culmonm, twice from "browned” 
tubers, and F. soiani once from a "browned” and twice from "not dis¬ 
colored” tubers, A rather large number, ii per cent of these "otlier 
Fusarium species” caused no discoloration in the affected tubers, though 
the largest portion of 'them, 54.3 per cent, were present in "bro'wned” 
tubers. 

Under "miscellaneous fungi” are grouped all other organisms secured 
in 'the culture series. These are, so far as known, nonparasitic, with; a 
few exceptions. Colletotrichum solanicolum O 'Gara was isolated from i 
"blackened,” 12 “browned,” 2 "yellowed,”and2 "not discolored”tubers. 
Rhizoctonia (Coriicium vagum B. and C.) was isolated from 6 tubers 
having stem-end rot, 3 of which were dry and 3 moist and rather soft, and 
from 8 browned” and i "yellowed” tubers, Spondylocladium atrovirens 
Harz was isolated from i "browned,” i "yellowed,” and 2 "not discol¬ 
ored” tubers. The miscellaneous fungi isolated from potato tubers 
varied considerably from year to year, sometimes one and sometimes 
another predominating. So many cultures of Naemosphaera sp. were 
secured from the tubers grown 'One year, usually from, distinctly 
"'browned” tubers, that this organism was suspected of being parasitic. 
Inoculation tests, however, gave negative results. The longer the 
potatoes were kept in storage the larger was the number of saprophytic, 
organisms which they gave in cultures. Some of the additional miscella-' 
neous organisms isolated may be indicated by the generic names only— 
Acremonium^ sp., Aliermria, sp., Botrytis sp., Cephalothechm sp., Clado* 
spofium sp., Chaeiomitm spp. {2), Helndntkosporium sp., Mucor sp., 
PeniciUium spp. (2), Reriola sp., Pestalozzia sp., Phoma sp., Ramularia 
sp., Sclerotinid Sporoirichum. sp., Stemphyllium sp., Siysanus stcmo-* 
nitis^' (Pers.) Corda, Vermicnlaria sp., Veriicillium cinnabarinum, Reinke 
and Berth, and, Zygodesmus sp. While some of these organisms may have 
entered sometimes as contaminations in the cultures, most of them had 
penetrated at, least slightly into the tissues of tlie stem end of the tubers^ 
hsually causing some discoloration there. Seventy-five per cent of these 
tfibers were' "browned” ,or "yellowed,” and about 9 per cent were 
/"blackened” or',had "endrot,” and only 16 per cent were "not d'iscoh 
oted.” 

The, percentage distribution with respect to' the',recorded stem-end 
discoloration of 'the tubers'from which "no organisms '” were secured is' 
in considerable contrast to the low percentages of "no 'discoloration” 
and the high percentages of distinct coloration in the tubers from which 
,the different classes of organisms,' as detailed above,, were isolated* 
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Tlie former group of tubers is the only one of the six in which a inajority, 
53 cent, of the tubers showed “no discoloration/' The nearest 
approach to this is in the group which gave'“miscellaneous fungi/' of 
wliiclp however, only 16 per cent had “no discoloration/' A little over 
oiie-h}tirth, 28*7 per cent, of the tubers which gave “no organism" were 
lightly discolored, “yellowed," and about one-sixth, 16.5 per cent,'were 
“browned/' A very small percentage were affected by “end rot" or 
were “blackened," i and 0.8 per cent, respectively. 

To sum up a portion of the data in Table I, it seems clearly indi¬ 
cated that the presence of a discoloration in the stem-end vascular 
region of a potato tuber is usually though not always evidence of the 
presence of an organism there. Even distinct discoloration, though, 
does not always mean the presence of an objectionable organism, for 
only about 45 per cent of the tubers distinctly discolored contained wilt 
or other disease-producing organisms,'while the other 55 per cent yielded 
either miscellaneous fungi of no apparent consequence or no organisms 
whatever. In this,connection it is to be borne in mind that the cultures 
made are of course not a perfect index to the organisms present, as is 
mentioned more in detail in a later paragraph. Neither does the absence 
of discoloration always indicate the absence of a serious organism, for 
about 5 per cent of all the tubers which were not discolored gave disease- 
producing organisms when cultured. A general conclusion that seems 
to be well justified is that the variation in the degree of discoloration 
caused by any one fungus in different tubers is so large and the differences 
in tlie type of discoloration caused by the various fungi are so small that 
the character of tlie discolorations can not be taken as a guide to what 
fungus is present, or even as proof that any fungus is present. 

.OCCURRBNC;]^ OR MORB THAN ONB ORGANISM IN THB SAME POTATO TUBER 

'' In any ^ consideration of the occurrence of fungous organisms in the 
'Stem end of potato tubers the .question naturally^ arises as to whether 
commonly more than one organism occurs at one time in the, same tuber. 
In order to throw some light on this point a special set of cultures was 
made. One lot of' 150 Up-to-Date tubers grown iH' 19x7 in hills from 
'plants badly wilted 'by' VerUcillium albo-aimm were cultured from all 
four quarters by the sweet clover stem method already described. In 
this case, after the tubers were treated and dried, ^ the outer tissues at 
the'stem end were cut away and the end was quartered'by twodongi- 
'tudinal cuts at right angles to each o'ther. A portion of the end of each of 
'these quarters', including discolored vascular' tissues whenever present, 
was then taken and placed in tubes of culture medium for incubation. 

, The results,'given in Table 11 , show that 64 tubers,"'Or'42.6'per' 'Cent, 
gave'F, 'albo-atrum in all four .quarters,' one tuber gave' 
in the'four quarters included in this case under “ miscellaneous: fungiy''''^^ 
54isr—21-—3 ' , , ''' 
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and four tubers gave no organisms in any of the four quarters. This 
makes 69 tubers, or 46 per cent of the lot, which gave identical results 
from the four quarters of each tuber. Forty-six others, or about 31 
per cent, gave only one organism from a part of the quarters, varying 
from one to three, but not from all of the four quarters, the oilier quarter 
or quarters yielding no organism. There is thus a total of 77 per cent 
of the tubers which did not give more than one organism from each 
tuber. Thirty-four tubers, or about 23 per cent, gave two separate 
organisms, and one tuber gave three separate organisms from different 
quarters of the same tuber. 

Tabi^S II. —Organisms isolated from the stem end of the four longitudinal quarters of 
150 Up40’Daie potato tubers harvested in igi^from hills badly wilted with VerticiUm'm 
albo-atrum 



Number of tubers with the four quarters of the inner vascular 
j , region at the stem end discolored as follows: 
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^/abie'JI'.shows five tubers from which both' VerticUlmm albo-atmm 
and Fmmrmm mfspomm were isolated in cultures from different quar¬ 
ters. The cultures from one of these tubers axe shown in Plate 141, B* 
This offers a possible explanation of some .otherwise, confusing .results 
seemed during the course,, of this investigation. For instance, in a few 
K ^x^spofwm was isolated from seed potatoes which when planted 
in soil gave ti^e to plants that wilted from attacks of F. albo-airum. 

'also have'been, present in 
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tlie seed potato when planted and, being the more vigorous organism 
of the two in thivS locality, caused the death of the plant. The indi“ 
cation at least is that while the great majority of tubers give only one 
organism in culture there are not uncommonly also a number which ^ give 
two, or occasionally more organisms, even two wilt-producing organisms, 
from different portions. 

In considering the data that have been presented in Tables I and II, 
the question arises as to the accuracy of the information derived from the 
isolation cultures where only one culture is made from each tuber. It 
is quite likely that a number of the tubers recorded in Table I from which 
no organism was secured had, as a matter of fact, been invaded by some 
organism. This would seem to be particularly true of those affected by 
endrot. Yet in general the results seem to be in accord with probability. 
Tor instance, a very much larger percentage of all of the ‘‘not discolored 
tubers than of those that were “yellowed’' or “browned" gave no organ¬ 
ism, the percentages being 81.6,50.5, and 21.9, respectively. It has already 
been noted that of the lot of tubers referred to in Table II from each of 
which four cultures were made, 69 tubers, or 46 per cent, gave identical 
results from the four quarters of each tuber. Forty-eight others, or about 
32 per cent, gave identical organisms in three of the quarters of each 
tuber; and 26 tubers, or about 17 per cent, in two of the quarters of each 
tuber. From tlie standpoint of chance, one single culture made from each 
of these 143 tubers would have given an accurate index to tlie organisms 
present in a total of 118 tubers, or 82.5 per cent of the group. A single 
culture made from each of the remainder would not necessarily have 
represented the exact conditions, although even here it would have shown 
the real situation more often than not, for in many cases the fungi secured 
came from the quarter or quarters having tlie most discoloration, and 
where only one culture was made it was always made from the most 
heavily discolored portion. From these data it is believed that the method 
for making the cultures in this investigation, though offering' some, 
chance of failure in securing coirect evidence as to the organisms present, 
is still at least reliable enough to give a very good indication of the facts. 
It has seemed also to bethe most practical method available where a large 
number of cultures had of necessity to be made in a comparatively short 
time and, where it. was desired,'..as in this case, to, keep the tubers in^as 
nearly natural condition as possible for purposes.'of .planting for further 
records. 

RBnATION BBTWBISn' SIZB OB FOBATO TUBBRS AND QCCU'RRBNCB OB 
ORGANISMS THBRBIN 

The question arises as to whether tubers of a certain general size -.are 
more likely to he free from internal infection than others and might^^.therer' 
fore, be selected out for planting with the expectation of' getting a smaller 
amount of'' disease from them than'from tubers of'other sizes. There is 
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no theoretical reason for supposing that there would be any corrclatiou 
between size and percentage of infection except that tubers from diseased 
plants are likely to be smaller than those from healthy plants^ although 
late-formed tubers whidi would tend to be small in size would also be 
likely to show less infection than older ones because exposed to danger 
of invasion by the fungus for a briefer period. This would perhaps be 
counterbalanced by the presence of a larger amount of infective material 
in a field at the close of the season than at the start, due to the general 
progress of the disease. 

To secure evidence bearing on this subject a tabulation was made of 
the data in hand, which includes results from 12,136 tubers. This is given 
in Table III and is partly shown in figures 3 and 4. These are the same 
tubers from which Table I was made, and they were grown under a variety 
of, conditions, during three seasons from nine varieties, some by diseased 



Fiq. 3.—Diagram prepared from the horizontal percentages given in Tabic III, showing the percent¬ 
age occurrence oi a given organism in tubers of different weights. 


and others by healthy plants. The results show that in general the 
organisms dealt with do not seem to occur considerably more in one size 
erf potato tuber as measured by weight than in another, though there are a 
few noticeable differences. Tor instance, in figure 4, which shows the 
percentage occurrence of different organisms in tubers of a given weight, 
it: win be seen that Verticillium cdbo-atrum was present to a smaller 
extent in tire medium-sized tubers than in those of small or of large size, 
there being a steady decrease in percentage of this organism from 25.5 in 
the tubers weighing X ounce down to 9 in those weighing 7 ounces, then 
an increase up to 16.4 per cent in the i i-ounce tubers. And when com¬ 
parisons are made between organisms from the standpoint of percentage 
of a ipven otganism in tubers of different weights (fig. 3) then it will be 
seen that a greater proportion of all the tubers giving 7. dlbo-atrum in 
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culture were small tliaii was true in the case of any other organism* 
This relation may be further indicated by a specific comparison with the 
tubers which gave no organism when cultured. In the tubers weighing 
less than 3 ounces the percentage of all the tubers giving F, alho-atmm 
is higher than 'tli,at of those giving no organism, while at 3 ounces and 
above tlie rekitive position of the two lots is reversed* 



Fusarium radicicola (fig. 3) occurred relatively more in the 2-, 3-, and 
4-ounce tubers and less in the smaller and tlie larger tubers than did 
Verticillmm albo-atrum. F. oxysporum occurred to a less extent than the 
other organisms in tlie tubers weighing 3 ounces and under and more 
than the other organisms in those weighing from 4 to 7 ounces. There 
was a gradual increase in percentage of 'Tniscellaneous fungi*' (fig. 4) 
from 16.6 in the } 4 -ounce up to 36. i in the i i-ounce tubers. In the same 
range of tuber weights there was a fairly uniform decrease in percentage 
of ''no organisms" isolated from 54.1 down to 37.7. Above 13 ounces 
there were so few tubers available for tabulation that the results for all 
the organisms isolated are variable. 

The two chief lessons to be gained from these data are (x) that the 
smaller potatoes should not bensed for seed purposes, because they' are 
apt to contain a higher percentage of wilt infection than the, medium-sized 
tubers unless it is known that the plants 'by which they were grdwn 
were free from wilt, in whidhi case, of, course, the small ,potatoes could 
be, used witlx safety, and (2) that wilt can not be avoided ,merely' by the 
selection from the bin of only the medium-sized or,'even ,the larger' 
healthy-looking potatoes, as even these may contain high percentage of 
'wilt infection. 






Table 111 .—Relation between me of potato tubers, as measured by weight, and occurrence of organisms therein in tubers grown during the seasons of 
xgi$i Iand igxf, under various conditions, some by diseased and others by healthy plants ^ 



Totaia, 


















Tttlsers wetgbiag (fa otinc^)— 


Sept.,I, x<) 2 i 


Transmission of Some Wilt Diseases in Seed Potatoes 835 



«la box the middle set of hgares shows the number of tubers which in culture gave the results indicated in the headings of the intersecting columns j the lower right set 
cf figures gives the percentage this number is of the total tubers represented in the horizontal column^ and the upper left set gives the percentage of the total tubers in the vertical 
column. 
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rbi^ation bistwbkn organisms in seed potatoes and organisms in 

YIEEDS 

The extent to which organisms present in the seed potatoes were 
transmitted to the yields as indicated by cultures from the 1917 crop 
appears in Table IV. Plants grown from seed potatoes from which 
Verticillmm alho-atmm was isolated before planting frequently developed 
wilt (PI. 140, A) and gave 29.7 per cent of Verticillium infection in the 
yields. However, not all of the plants grown from the known Verti- 
cillium-infected seed were affected by the wilt disease, consequently the 
percentage of diseased tubers in the yields was considerably lower than 
it would have been if all the plants had wilted. It was high enough, 
however, to indicate that infected seed is a very serious factor in carrying* 
the disease from dne year to the next. The tubers produced by one lot 
of rather badly wilted plants showed 40.2 per cent infection with F. albo- 
aifum when cultured, and another lot gave a crop containing 49 per cent 
infection. The' highest percentage of Verticillium infection found in the 
tubers produced by any considerable number of plants was 92. This 
result was secured in the yield of 28 plants of the variety Up-to-Date, 
which is very susceptible' to this wilt. In a number of instances indi¬ 
vidual plants of several different varieties have given yields with 100 per 
cent Verticillium infection. The average, however, as shown by the 
records, is nearer 30 to 50 per cent. Some of the plants grown on clean 
soil from tubers from which either other organisms than F. albo-atrum 
or no organisms were isolated before planting also gave a rather large 
percentage of Verticillium infection in the yields. For instance, the seed 
potatoes from which only '^miscellaneous fungiwere isolated gave 13.3 
per cent Verticillium infection in the 3?ields, and tliose from which no 
organisms were isolated gave 18.9 per cent Verticillium infection. This 
high wilt infection in these two lots apparently came from the spread 
of the Verticillium fungus from neighboring diseased plants in the field 
during the growing season, as will be shown more in detail in a later paper. 

Ftisarium radicicola occurred in only slightly larger amounts in the 
yields produced from'seed potatoes that contained this fungus than it 
did in those from seed potatoes which according to the,cultures made 
were free from it when planted. For instance, the seed tubers from 
which F. radicicola had been isolated gave back 9 per cent F. radicicola 
infection in the yields, while those from which F. oxysporum alone had 
been isolated gave 8.6 per cent F. radicicola infection in the yields, and 
those from which VerOcillum alho-atrum alone had been isolated gave 
4.4 per cent F. radicicola. Practically every lot of tubers cultured 
during' ,this study ■ has given a noticeable percentage of infection from 
F, tadkicdla regardless of whether this fungus was proved to be present 
in' the,seed potatoes, or not. Thus, the indications ,are that it is trans- 
mitted',tO;a ^ight'extent in seed potatoes, that it may cO'ine from the 
soil and is evidentlyrather commoidy distributed. This latter conclusion 
i,s in harmony with, %he''work Af Pratt, (ii), who. secured this fungus 
in culture seveml times ,fr0m Idaho soils never cropped with potatoes. 
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Tabi.'B IV.—Trammission of organmns from seed potatoes to yields in six Darieim, 

season of iQxy ^ 


Orgauisttis isO“ 
latcd lr<)m seed 
potatoes,. 

Num- 

ber 

of 

hills. 

Tubers iu yield from which were isolated— 

1 

Totals. 

V crii- 
ciilium 
albo 
atruni. 

Fusa- 

riwK 

radici-^ 

cola. 

Fwfl- 

rium 

oxyspt)- 

fwn. 

Other 

Fusa¬ 

rium 

species. 

Miscel- : 
laucous 
fungi. 

No 

organ¬ 

ism. 

Vertkillmm alba- 
atrum. : 

151 

325 

29.7 

48 

4.4 

w 

I. 6 

28 

2- 6 

360 

32*9 

316 

28. 9 

1,094 

100 

Fusarium radici- 
cola. 

21 

3 

2. I 

i 13 

9.0 

5 

3’5 

2 

I. 4 

! 67 

46.5 

S 4 

37-5 

X 44 

roo 

Fusarium oxy- 
spofum. 

146 

loi 

9. 7 

89 

8.6 

39 „ 

3-8 

19 

j 1.8 

346 

33 - 2 

447 

42*9 

1,041 

100 

Other Fusarium 
species., 

16 

8 

7-0 

3 

2. 6 


; 5 

1 ' 4*3 

20 

- , 17-4 

79 

68. 7 

X15 

; 100 

Miscellaneous 

fungi. 

143 

13^ 

^ 3-3 

* 39 ' 

3-9 

4 

.4 

' 

27 

2,7 

293 1 

29. 7 : 

493 

50.0 

987 

too 

None. 

151 

204 

18. 9 

i 

1 42 

3-9 

17 

I, 6 

2.9 

317 

29.4 

466 

43'3 

1,077 

100 

Totals. 

628 

772 

17-3 

234 

5-3 

82 

1.8 

II 2 

2.5: 

1,403 

31-5 

I.SSS 

41.6 

4 , 4 S 8 

100 


aitt each box the tipper set of figures shows the nmnber of tubers which ia culttire gave the results iadi- 
cated in, the headings of the intersecting columns; and the lower right set of figures gives the percentage 
this number is of the total tubers represented in the horizontal column. 


Similarly Fusarium oxysporum occurred somewhat more abundantly 
in yields grown from knowii' F, oxysporum infected tubers than it did in 
those grown from tuberS' not known to'be infected with this fungus^ 
though in 'some cases' the differences were very slight. For/instance, 
3.8 per cent F. infected tubers cameirom seed known to be 

infected with F. oxysporum, whereas 3.5 per cent, almost as much, catne 
from seed tubers which cultures had indicated to be infected only witli' 
F. fodidola when planted. It' is true' with F. oxyspomm also that in 
practically every lot of potatoes, cultured it^ was secured from at least'a 
few tubers, even though it was apparently not present in the seed potatoes, 
indicating that it came from the soil and may be rather commonly dis¬ 
tributed. This is in agreement with the findings of other workers (j, 6 ). 
''The small amount of wilt (Pi. 140,'B) caused by this fungtis in western 
Oregon and the low transmission’from the seed potatoes to the yields,”, 
which was rather unexpected, is thought 'to indicate 'that this .'disease is'; 
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not highly virulent in this region. It may, however, be due in part to 
the apparent general tendency of F. oxysporuwi in the seed potatoes to 
fail to perpetuate itself in the plants grown therefrom, as shown by t!ie 
work of Bisby (i) and MacMillan (6). 

Occasionally potato tubers having the stem end sunken and discolored 
gave both Fusarium ozyspcn'unt and a small mite in culture. In a few 
cases both of these organisms were evidently transmitted from the seed 
potatoes to the yields. For instance, in one hill (PL 141, A) grown from 
a seed tuber from which these two forms were isolated before planting, 
three out of the nine tubers produced gave the same organisms in culture 
after harvest. The presence of the mite was no doubt responsible for 
the sunken condition of the stem end of the invaded tubers, as it naturally 
would consume some of the tissues and the skin would collapse; and, 
generally, tubers containing F. oxysporum alone appeared quite if not 
entirely normal on the exterior. 

There was a slight tendency of the other Fusarium species^' to be 
transmitted to the yields, as these organisms ran highest in the tubers' 
grown from similarly infected tubers.' Some of these organisms also 
were found to occur more or less' indiscriminately in any lot of tubers 
cultured. 

There was no indication that any of the ''miscellaneous fungiwere 
transmitted to an appreciable extent. ' They seemed to occur promis¬ 
cuously with no apparent relation to the condition of the seed potato at 
planting time. 

The seed potatoes from which "no organisms’" were isolated gave 
crops .which frequently showed the presence of organisms, doubtless 
derived from the soil or from adjacent diseased plants, although never ,to 
the extent of disease-infected seed. 

In order to determine whether or not the stem-end seed piece would 
consistently transmit ,a higher percentage of organisms than the eye-end 
seed'piece from the same tubers, a tabulation was made of the available 
data, the essential points of which are given in Table V. The^ kind of' 
seed pieces used made no essential difference in the . amount of infection 
from Verticiilmm' albo-aimm^ secured either in the plants produced or in 
''the'yields obtained, the .percentage of infection in'the yields from the 
stem 'pieces'being 22.7 and from the' eyepieceS' 24.6. . This 'difference is 
entirely negligible, being even less than the difference in the .results 
secured' from planting the two longitudinal halves', of other tubers wliidi' 
presumably, should have shown' no difference 'in amounts oi infection in 
the yields.' However, in view of evidence later secured on the spread of 
', F. aibo^aimm from one plant to another in the 'row, the .results presented 
i here,..Qn-'the transroission of this organismTn'the.'different .kinds of, seed 
pieces must not be^givenToo great; weight, because the plants from „the 
different kinds of seed pieces, .'.were grown in juxtaposition...in the. row,' 

. thq^i'giving the fungus opportunity to. spread' from one plant to ano'ther. 
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NevertlielesSj tlie results so far as they go are in agreement with tlie 
findings of Petliybridge (9) in Ireland, who has demonstrated that this wilt 
fiingtis is not localized at or near the stem end of affected tubers. There 
is, therefore, no particular value in the attempt to avoid Verticillium- 
wilt in seed potatoes by discarding the stem ends and planting only 
the eye ends of tubers suspected of containing this wilt fungus. Reliance 
for the control of this disease should rather be placed on other methods 
which have been demonstrated to be effective. 


Table V .—‘TransmisHon of organisms from different portions of the same seed tubers 
and from %vhole seed tubers to the tubers yielded by six varieties ^ season of ipi^ 


Origanism isolated from 
seed potato. 

1 

Number 
of seed 
pieces 
planted. 

Percentage of same organisms in yields as was present in the 
seed potato according to kind of seed piece used. 

Stem 

pieces. 

Eye 

pieces. 

One 

longitudinal 

half. 

Other 

longitudinal 

half. 

Whole 

tubers. 

Verticillmm albo^^atrum .. 


22. 7 

24. 6 ! 

17. 4 

20. s 

35 

Fusarium radicicola . 

21: 

12. 9 

4-3 

4 - 5 

5-9 

14.7 

Fusarhmi oxysporum .,., 

146 1 

2,9 

2.3 

7 - 7 

S.8 

3-8 


Fusarium mdicicola occurred noticeably more in the yields from the 
stem pieces ^ than from the eyepieces, 12.9 per cent and 4.3 per cent, 
respectively. The number of seed pieces planted containing this fungus 
were $o:few that definite conclusions can not be drawn, and the differences 
noted might not hold true in an examination of a larger number of cases. 

Fusarium oxysporum was transmitted to such a small extent in any 
of the potatoes experimented with that it is difficult to judge whether 
tlie stem-end pieces tend generally to give more disease than the eye-end 
pieces, ' A few tubers, though, apparently gave striking evidence of this 
tendency (PI. 139, C). For instance, one infected tuber gave 75 per, 
cent infection in tlie yield from tlie stem-piece plant and no infection 
in that from the' eye-piece plant; another gave 33 andT4 per cent, and 
a'liother gave 10 and o per cent, respectively. The average results, 
however, do not point strongly in tliiS' direction, and it is apparently 
true with this’ organism also tliat;the .practice ,of discarding the stem 
ends of seed potatoes is not a reliable' method 'for 'the' co'ntrol of The 
disease and ought to be abandoned in favor of 'other more effectivb^ 
methods, ^ 

DISTRIBUTION AND, IMPORTANCE OE VERTICIUDIUM ,AUBO-ATRUM, 

FUSARIUM OXYSPORUM, AND FUSARIUM'RADICICOUA ISI OREGON'! '' 

Although there hasb'een no opportunity tO; make a systematic survey 
of these potato^ diseases, in ’.the entire ,State 'of 'Oregon, a number of 
scattered collections/have been made in' different regio,nsand many 
specimens, have been; sent in Uy., growers, and'by county agricultural 
. agentsv, There, remainaections,' however, .where potatoes are grown 4 nc| 
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from, wMch no specimens Iiave been secured. The data presented here 
must, therefore, be considered incomplete. The status of these diseases is 
better known in western Oregon, the region west of tlie Cascade Moun¬ 
tains, than it is in the central and eastern portions. 

Verticillmm albo-atrum has been found in 16 counties, which emiDrace 
most of the important potato-growing areas of the State (fig. 5). It is 
widely distributed and of common occurrence at least in western Oregon, 
and every season causes an appreciable loss in many fields. The highest 
percentage of plants wilted from this fungus found in any commercial 
field was 30. The more usual amounts found are from 5 to 7 per cent. 
In the work on certification of potatoes in 1918, Verticillium-wilt wa,s 



the second factor in the order of importance in causing the failure of 
fields entered to pass the inspections. In this certification work or in 
any^ seed plot improvement work it is very necessary, therefore, to give 
due consideration to the nature of the disease and to the ways in which 
it is disseminated.' 

I^ The yields of plants 'affected with Verticillium-wilt aremsually greatly 
reduced, which may be. indicated by a few' specific examples. 

Two'pots'of 'potatoes,'consisting-of 73 Mils 'each^wei'e/growm in' ipiy to 
'test the''’mfiuence'of'Vertieilli'um-nMt on the''yields'poduced. The seed' 
'tubers used' 'were^' ^produced .by.'' apparently^, wilt-free,''plants' .and' ,gave 
¥$rticiUmm 'case 'in'cultures 'inade ' befo'te 'planting. 

They'';wei^,eadi'''b.ht::M:twO;''length planted in one plot 
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and tlie otlier half in the other plot, so that the seed employed was pre¬ 
sumably quite disease-free and was as nearly identical in the two plots 
as possible. In one plot the seed pieces were inoculated by placing on 
top of each a culture of V. ablo-atmm growing on sweet clover stems before 
coveidng them with soil iii' the furrow, and the other plot was left iininocu- 
lated as a control. The plots were located a short distance apart on the 
same kind of, soil on which the crops had been well rotated and which had 
not gromi potatoes for at least five years. Ninety-nine per cent of the 
plants on tlie inoculated plot were affected by F. albo-airum before the 



Fig. 6 .—Map of Orcmn, showias: the localities where Fiisanum axyspomm has bceu coUected on 
potatoes during the past few years. 


end of the season, and none of those on the control plot were found wilted. 
The yield on the diseased plot was 3 1 per cent less than that on the control 
^plot. 

. In 1919 two plots were tested similarly. The seed used came 

from the same lot, but the tubers were not,, as,in the ,previous trial, citt^ 
longitudinally into halves and planted one in each plot,' ,In this test 
there was a 59 per cent lower yield on the diseased than, on^'the healthy 
plot* If the'disease attacks the plants early iU'their growth the yield is 
usually greatly reduced, but if’ the attack comes late in the season’the 
crop,is practically normal' in amount, though often a high percentage of 
the tubers cany the,disease. The average reduction of 3deld,in diseased 
plants probably,ranges from 30 to 40 per cent. ' , ' ^ ,,’ 

’; 'Fmarium axyspomm has been foun.d in 11,counties of Oregon in,widely 
separated localities '(fig,* 6),, though, much jess frequently then VerUcillmm 
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alho-atmm. In most cases it has been encoimtexed attacking only 
scattering plants in the field and does not cause nearly so inucli damage as 
the other wilt organism. Only two fields—one in I,ane County and tlie 
otlier in Muitnomah County, botli of western Oregon—have so far lieen 
reported to or seen by the-writer where tliis fimgtis was recognized as 
causing a high percentage of disease. Izx the former field about 10 per 
cent and in die latter about 30 per cent of tl;ie plants were affected. The 
reason for these high percentages of infection in these two fields ivas not 
apparent. 

One test was made at Corvallis in 1917, to determine the influence of 
this disease on the yield. One lot of vSeed potatoes was inoculated at 

planting time in the 
same manner as in the 
test with Verticillium 
alho-atrum noted above 
and the other was left 
uninoculated as a con- 
ti‘oL The disease ^ did 
not develop sufficiently 
in the inoculated plot 
to reduce tlie yield in 
^the least, which was in 
' considerable contrast 
to the action of F. albo- 
atmm. For where' this 
fungus was used 99 per 
cent of the plants 
wilted during the sea¬ 
son and 49 per cent of 
the tubers were infected 
by die same fungus 
when cultured after 
harvest, but where Fur 
sarium ox)/sporumMm^^ 
used less than 5 per cent of the plants showed wilt and only 6. per cent 
of 'the tubers were infected' by this same fungus when 'harvested. ' Ac¬ 
cording to all available information this disease must^'be considered of' 
relatively minor'importance in western Oregon. ' 'The;data at hand do 
hot Justify any ^ definite conclusions;'as to its importance'in. the eastern'' 
patt''nf,the State, where it may proveto. b'e.more'; serious* 

’;;':'^,there'.;are'areas.in the. Pacific'coa^t'-ahd'mountain States, where the' 
Fiisarium-wilt is .without douht’''..a factor,bf''considerable'importance 'ih 
potato growing. ' The Plant DiseaseStirvey, '(12) has' published es'timates 
Rowing losses in these States in ‘1917, ranging from' .1. to 30,per cent' and 



r iG. eiglit western States, showing graphs of the production of 

potatoes in the different States in 1917 and the losses caused from wilt 
,' due to 'jFmmum oxysp^mm. The black area of the graph shows the 
Itesfrotu Fusarium-wilt; thewhite area, the production of potatoes; 
and the entire area, the production of potatoes if there had been no 
loss imm Fusarium-wilt. 
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averaging 14 per cent (Table VI and fig. 7). The larger losses in this 
area occur in general in the hotter, irrigated sections. Oregon is included 
with an estimated loss of about i per cent. 


Tabi.^ VI.-—Effect of on the yield of potatoes in the western United States 

in xgiy {12) 


State. 

1 Prodtiction in 
1927- 

1 

1 Estimated loss from 
' Fiisarium-wilt. 

Washington. 

i 

Bushels. 

9,875,000 

S, 10O5 000 

Bushels. 
100, 000 

‘ Per cent. 

! I 

Oregon.. 

82, 000 
I, 691, 000 
2,607, 000 
548, 000 
I, 087,000 
47,000 
174,000 

I 

California.. 

15,225,000 
6,084,000 
3,105,000 
4, 347,000 
420,000 
1,276,000 ! 

10 

Idaho... 

30 

IS 

20 

Nevada. 

Utah. 

Arizona. i 

10 

New Mexico. 

12 



Total. ' . ’ 

48,432,000 

6,336,000 ‘ 

®I 4 



aAverafie, 

Fusarium radicicola has been secured from potatoes in nine counties of 
the State (fig. 8). It, too, is seemingly of common occurrence, but is 



3PtG. 8*-Map oi Oregon, showing the localities where Fusarium radicicola has. been collected on pota¬ 
toes dtiring the past few years. 


apparently of little importance to potato production here. It has not 
been reported as a'cause of wilt in other places and, evidently does not^ 
often oause any wilt, of the plants in Oregon, fliotigh,the fact that ^ it,has 
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occasionally been isolated in pure cultures from discolored stem tiSvSues 
of wilted plants suggests that it may occasionally cause a wilt of potato 
plants. It has been secured most frequently from tubers wMcli were 
perfectly sound except for the presence of discoloration in the stcn:ueiicl 
vascular region. For instance, 82.4 per cent of the tubers whicli gave 
this organism in cultures were browned or yellowed in this region (Table I) 
and were not in any way affected by rot. Only 8.3 per cent of the tubers 
which gave this fungus in culture were affected by stem-end rot of some 
form or other, varying from a dry, withered rot to a moist, soft, and light 
brown coIored^ rot more typical of the condition known as “jelly endrot. 
The specific black fieldrot of potato tubers due to F. radicicola as stated 
to occur in Idaho (10) and eastern Washington (5) has not yet been re¬ 
ported to or seen by the writer in Oregon. The conditions in the eastern 
part of the State remain largely, however, still to be investigated. 

A stem-end rot of potato tubers occurs not infrequently during some 
seasons in western Oregon, and to some extent in the rest of the, State, 
though in' o'ther seasons it is rarely encountered. It affects only the long 
tubers and varies widely in type and extent of rot at harvest time from 
a mere withering unaccompanied by discoloration of the,stem end of the 
tuber as though a part of the water had been withdrawn from that por¬ 
tion, to a dry, wrinkled, sunken, rather tough, and light brown to black 
discolored condition of yi imAi or more of the stem end of the tuber, or to 
a soft and rather jellylike light brown colored rot extending back at 
times iK inches from the stem end, the rest of the tuber being sound and 
unaffected. In, storage these diseased tubers often do not rot furtlier, 
but the affected tissues frequently dry down and form a sharp line of 
demarcation from tlie sound, unaffected tissues unless stored under con¬ 
ditions unfavorable to the tubers. ■ ^ 

The cause of this rot in the State and the relationship of the different 
types manifested are not known, as it has been studied only i'ncidentally 
when encountered in the course of other work. 'Generally the tubers 
appear similar to if not identical with the jelly endrot or the stem-end 
dryrot as described by Carpenter {2) of 'which Fmarium radicicola was 
said to ;be the chief cause. However, this fungus was isolated from 
only X2.2 per cent of the stem-end rot tubers cultured and listed in 
Table I, while the majority, 53.9 per cent, gave “miscellaneous fungi'* 
which were presumably saprophytic in most cases, and 8.8 per cent gave 
Veriicillnm^aJho-a'lrum and 4.5 per cent F. o%yspomm. Tubers affected 
by this type of rot are, of course, readily entered by saprophytic,organ- 
isms, and in many cases it is difficult if'.not impossible to determine from 
isolation cultures the primary cause of the 'trouble., 'However, ,the large 
variety of organisms secured in culture from affected 'tubers, the occur¬ 
rence of the trouble only'.durihg'certain seasons without any apparent 
relation to the condition of the seed potatoes at planting time or to crop 
rotation, and the presence of'F. roMcicola in 'the'stem end 'of so many 
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tubers not affected by rot lead one to suspect that the appearance of the 
trouble depends more on climatic conditions than it does on the presence 
of any one of two or three organisms. 

It seems possible and perhaps probable that when moisture in the 
soil is deficient in the latter part of the growing season, as it frequently 
is in western Oregon, and the transpiration of the plant is relatively 
excessive during hot weather the plant might, as sometimes occurs in 
fruits (j), actually withdraw water from the stem end of the tuber, 
giving a sunken withered condition favorable to the entrance of various 
organisms both parasitic and saprophytic. There might then be a 
gradual progress from this condition to typical jelly endrot, and in 
each case the condition of the tuber at harvest time would perhaps 
depend on the particular conditions surrounding it during growth and 
the period of maturing. It remains, however, for future work to' deter¬ 
mine what the facts in the case are. It should be stated that for the 
present no special measures for the control of this stem-end rot can be 
definitely recommended. 

SUMMARY 

The studies reported here were conducted in western Oregon, and the 
results apply to western Oregon conditions. They may not apply in 
their entirety to the rest of the State. 

In western Oregon, Verticillium alho-atrum is more important than 
Fusarium oxysporum as a cause of wilt of potato plants. Each of these 
organisms is frequently present in the stem-end vascular region of potato 
tubers produced by diseased plants, and their presence there is usually 
though by no means always indicated by distinct discoloration of that 
region. An average of 6.6 per cent and occasionally as high as 14.4 per 
cent of the tubers which gave F. alho-airum in culture were not dis¬ 
colored, 

Fusarium radicicola also is often present in this same region of the 
potato tuber, though it is not known to be a cause of wilt of the plants; 
and, the discoloration generally accompanying it cannot be distinguished 
from that usually present with the tw’-o coxnmon wilt-producing organisms, 
VeriicUlium albo-aifum and F. oxysporwm* 

Fusarium radicicola caused heavier discoloration than Verticillmm 
alho-atfum in the infected tubers, while F. oxysporum caused still heavier 
discoloration than either of the other two' organisms. 

In addition to these three fungi there are also several others that 
invade the stem-end vascular region of potato tubers,' and the longer 
the potatoes are kept in storage the larger is the number of' tubers which 
give organisms in culture. Some of these are parasitic on potatoes and 
many ' others are not, so far as 'taown, associated in any way with' a 
disease of tins crop. 'They are usually though not always accompanied 
by discoloration of the tuber tissues. ■ , ' 

, , 54131 ®— 21 — '4 ' 
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The presence of discoloration in the stem-end vascular region of potato 
tubers is not a triistwortliy index of the presence of disease-producing 
organisms tlierein and ought not to be relied upon exclusively as a guide 
for the separation of diseased from healthy tubers for planting purposes* 
For instance, 45 pet cent of tlie tubers which were ‘‘browned’' in the 
vascular region when cultured gave organisms which cattvSe disease in 
potatoes, and 55 per cent 'gave either no organism or miscellaneous 
fungi of no apparent importance; 22 per cent and 5 per cent of tliose 
which wei-e “yellowed” and “not discolored,'' respectively, gave organ¬ 
isms parasitic on potatoes, the others of ■ these lots giving nothing of 
consequence. ' 

Veriicillium albo-atrtm occurred in all sixes of potato tubers, though 
somewhat more extensively in the small ones than in those of medium 
size. Fusarium ■oxysponim and F. radicicola did not seem to occur con-' 
siderably more in one size of potato tuber than in another. The medium¬ 
sized: tubers gave a larger proportion of miscellaneous organistns than 
the smaller ones. 

Veriicillium albo-atrum is transmitted to a considerable extent from 
seed potatoes, to, yields. From 30 to 50 per cent of the tubers 'grown 
from 'known infected seed potatoes were invaded by the same organism 
when harvested and cultured. Fusaritm radicicola and F. 'oxyspartm 
were transmitted to only a slight extent from seed potatoes to yields 
and were, apparently not infrequently present in soils which had not 
been planted to potatoes for several years. 

The stem-end seed pieces did not seem to give more disease either in 
the plants or in the tubers produced therefrom than the eye-end seed 
pieces,of the same infected tubers. The differences are at least so slight 
that it apparently' is not advisable in attempting to avoid wilt in seed 
potatoes to rely much on the practice of'discarding the stem ends and 
,planting only ■ the; eye ends of, tubers suspected' of containing wilt 
organisms. 

VeHicilliwn alho-atmm is widely distributed in Oregon, having been 
recorded from 16 counties, and is the most important' potato wilt- 
producing organism in the western part of the State. It causes appre¬ 
ciable losses each year; not only in commercial fields but especklly in 
seed plots, because the presence of this fungus greatly lessens the value 
of' the potatoes for seed purposes. It annually is responsible ,for the 
failure of a considerable number of fields to pass inspection for, certifi¬ 
cation. ,The yields of affected plants' are'r^uced on tlie average of 
from 30 to 50 per cent ' , , 

Fusarium axysporum is also widely'distributed in 'the State, having' 
hem noted in ri' counties,,though it is,seemingly of little importance, 

„ at 'least in,'the'Western portion. In only a few cases have any consider¬ 
able number of plants''been' found attacked by this organis'm 'in any 
' western Oregon fields examined,' , ' 
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Fusarmm radicicola occurs frequexitly in potato tubers in Oregoiij 
though it usually does not produce any apparent ill effects. It is often 
associated with a slight and generally rather dry, withered endrot or a 
soft and moist endrot, but it is not believed to be the sole cause of this 
trouble. It is more often found in tubers that are sound, except for 
having discolored vascular regions near the stem end. 

A stem-end rot of potato tubers, varying from a mere withering of the 
stem end to a dry, withered, brown to black rot, or to a soft jellylike 
light brown rot, occurs rather commonly during some seasons in western 
Oregon. It appears to be due as much to climatic conditions during 
the growing season as to the presence of any certain parasitic organisms. 
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PLATE 139 

A-—Up-to-Date potato tuber with surface of stem end cut off to show discolored 
vascular tissue from which VerUcilliwm alho-atmm was isolated in culture* 

B. '—Early Rose tuber from which Fusarium oxyspomm was isolated* 

On the average F. oxyspomm caused heavier discoloration than did F* oU)0*aimm 
in the invaded tubers, though the appearance of the tubers could not be depended on 
for differentiating between the two organisms. 

C. -—Early Rose potato tuber from the discolored portion of which F, oxyspomm 
was isolated in culture. The two plants grown from the two stem-end seed pieces 
became diseased, did not grow more than 9 inches in height, and died without pro¬ 
ducing any yield. Hie two plants from the two eye-end seed pieces remained healtliy 
throughout the season and produced an average yield of 45 ounces. This difference 
in results from the stem-end and eye-end seed pieces is unusual, however, for on the 
average the former performed almost as well as the latter, 










pirate; 140 

Inlitieiice of tlie presence of wiit-producing fungi in seed potato tubers oil' tbe plants 
grown tberefroHi,' All plants photographed August 22, 1917. 

A. —Plant at left wilting and 'dying prematurely from attack of Veriicillkim aibo- 

e^imm demonstrated to be present in the seed potato before, planting, ' Plant at right 
was grown from a tuber 'from which ho organism .'’was secured in culture.' ' The two^, 
seed potatoes each weighed 2 ounces,''an'd it is interesting'to note that 'both 'were ptb*' 
duced by one plant affected' by'Verticilliumwilt ".ITariety Up-to-Date.' ' ' 

B. “--Two American Wonder potato plants grown from the stem-end '(plaht''at.lelt)''', 
and eye-end (plant at right) halves of a 4-ounce tuber from which Fnsanwni ^xysporum 
Was 'isolated'before planting'. Neither of the plants showed wilt dtmng the’S^'a^h',';: 
and,none of the tubers were infected by,this fun'gus when cultured'MtethaiW&t'i'’''','''tt ''"' 
contrast between tlie amounts of disease in'the plants grown'frohi tubers'affected by 
F. 0xysporum' and by V, albo-atmm was, striking,’ for so few of" the/fotmer 'tfehllhe, 
noticeably' att^ked. The latter, 'oh thC' other'hand, were generally ,wiite(i. 

C. —Two American Wonder potato plants grown from tlie two lon^tiidinal halves of 
a 5-ouhce tuber'ifom which no organism was isolated in culture.' No wilt'developed; 
d.uring'the 'Season. 



, FLATE'i4i '' . 

; Aw—Ybl<i of potato ttibem grown from p seed'potato wHieli liad a'slightly wltfe^red 
'a^d, <sx>l!apsed area at the stem end from which Fmatium oxysp^mm and a «mal! mite,, 
’#cre sectited in ctiltures. three of the tubers, in this yield were affected ift the same 
way as tlie ,seed tuber ,and’ gave the ''same results in cultures.' the sunken condition' 
of the' stem end of these 'three tubers was 'probably due' to 'the'' p^resence of the' mite 
and is net typical of tubers invaded by K. alone. ' In this latter ease the 

tubeiB'generally ''appear normal on''the exterior. 

B^r-^iginal isolation cultures’ (77 days old) of: wil't>*prodricmg' organisms 'Secured ‘ 
on sweet clover stems from "'the four,quarters, of the 'stem end of one Up-to-Date po^. 
.,tato'tuber: 0, Vutkillmm alho-airum; b, Fusarinm oxyspamm; d, no growth. At 
the top of d is shown ',the 'piece of tissue removed from the tuber for Inoculating the 
,'Clover stem* ' 
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CORRELATION AND GROWTH IN THE BRANCHES 
OF YOUNG PEAR TREES' 

ByH. S. RSBD“ 

Professor of Plant Physiology, College of Agriculture, University of California 

Tlie present paper attempts to make a quantitative study of the rela¬ 
tionships of laterals produced by the young branches of' the pear tree. 
Such an inquiry should be of value both to the physiologist who' is in¬ 
terested in the mechanism of development and to the'horticulturist who 
is interested in the production of a tree of a given type. 

In, a previous paper {xoY it was shown that'upright young pear shoots 
tend to remain unbranched so long as the apical bud.grows uninter- ' 
ruptedly. ' If the apical bud is'arrested in its development, or is removed, 

'a neighboring lateral bud promptly''develops and continues the lineal'' 
growth of that member. Moreover, if the apical portion of aahoot is ^ 
amputated,, the' buds immediately below the point of amputation are not 
only the first to develop into.shoots but produce the longest shoots.'";'' 

' A plantation of young Bartlett pear trees {Pyrus communis h*} growing', 
at'the Citrus Experiment Station, Riverside, Calif.', furnished, the'data " 
upon which this study is based. The trees were planted' in the orchard 
in 1916, ,and the measurementS' were taken in February, 1920..' , The 
lateral"shoots, ''(PL 142), hereafter'designated' as laterals,**' grew'.during 
the summer of, 1919, and the mother' shoots.on 'which they were bO'riti^ 
grew in'the'summer'of 1918,' 

■ ' During'.the early life of the orchard, certain, plots of the trees, were, - 
systematically **headed,,, back** 'to'fbrm a framework of a particular type.' 
Accordingly these "plots ''Of trees' prU'Ued in the winter of' I9i8'*-i'9" by', ^" 

' amputating tro'm 'one-half,' to'three-fourths' of all 'of the principal tiprilht; 
shoots 'groTO in"'the preceding Season."', The portion remaming .after 
,'pruning,'is designated'’a$ the ,*,*mother,shoot,** in the followi'ng'd,iseus$ion. 

' The unpruned .treeS' neyer.,'re;cd[ved any .'prunin'g, after the first, year. The 
,'',lp,tetal shdom"'grew' o,n"'the' 'mother 'shoots ,during 'the ''summer:',, of 19194' 
,'..,TfiLe relations "of .the', two''will be readily comprehended upon referring to 
', ^Plate'1'42,;.;,;^''''.' '. ' 

The mother shoots used in this study stood in an approximately 
,''',v^icalp<>sitipn;ahd,;,''Oh,'''the''.smaE^ n0'..'way.'crowded*,':-The"v'..'.. 

."results are not,',therefore, believed to be greatly influaticed by 4iff^tenee$ 

'' 't' ‘'Papc# No. 7S. 'Of Califotttla;' OradttaW'Sctiool of ^topical Agricwitw m& 

'StaHoo.,'Kveikde.', Calif.''' \ 

s The writer wMtes to meatioo .iiis in^btedniess to Mr. V. Halma for assistwiet in tHe 
to Or*!. A. .m ' .:r, , 

^ RefewGei^mdeby.iiTOfoerCita;Iic);,tpv^#|ta*tWeato<i;'" p. 87^ j., . 

I . li,.,,,, , , . . . . ..... . . 

JO«'«iia|. of Apfotritiiml Ttepeaxeb, ' Vol. XXt* > 

■: (849) , . f 
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in illuminatioii. None of the trees had produced any fruit up to'the 
time these measurements were made. 

The two classes of mother shoots (pruned and unpriined) were on 
different trees. The 270 pruned mother shoots were on 91, trees which 
had received systematic “heading back'*; the 54, impruned mother 
shoots were on 25 trees which received no pruning, Wliiie this distri¬ 
bution does away with a certain closeness of spatial association^ it pre¬ 
vents the possible transmission of influences from one class' of mother 
shoots to the other. 

In the present paper the term ‘‘growth*’ is used to designate a per¬ 
manent increase in size. It is well recognized, however, that the same 
term may also be applied to phenomena in which there, is little if any 
increase in^ size—^for example, differentiation of organs' and tissues.' 

; The .length of the lateral was,,taken,as a, simple measure of its growth. 
The almost complete absence, of secondary laterals of, any consequence 
allows this land of measurement to be taken with ,a comparatively small 
error., l^vea where secondary ■ laterals were' produced there, was, no 
evidence that they had limited the length-growth of the primary' lateral. 

; The shoots produced in a single season,on a;vigorous pear branch 
usually of two kinds—“laterals’* and “fruit spurs/*, The general'char- 
acteristics of these two types of shoots have been discussed by Vochting 
(14) and others. While it is convenient to consider the two types of 
shoots separately, it is necessary to remind the reader that their differ¬ 
ences are primarily .quantitative and not qualitative. The fruit spurs 
ordinarily attain but a short length and produce fruit-bearing buds. 
Under various circumstances .they may, however, be forced,to make 
strong vegetative growth and become “laterals.** Such results' often 
follow severe pruning or a change of position of the parent shoot whereby 
the dorsally placed “fruit spurs **„ will develop into'vegetative “laterals’* 
;(io), A true dimorphism does not seem'to exist in the young' branches 
oi the pear tree. 

The “first” lateral is designated 'as'.the lateral at the'distal end of the 
mother shoot, and the others follow in serial order toward the proximal 
end-of the mother shoot The “original” number of buds on a mother 
shoot was the number present before any laterals'had grown—that is, 
at .the beginning of the 1919 growing season..., 

,, The mother shoots on the pruned trees had, a mean length of 44.1 cm. 
and a coefficient of variability of' ^g.2 per cent.'' The' original number 'of 
■,.bitds on these mother shoots had a mean of 15.5' buds with' a coefficient 
of variability of 41.1, and so elsewhere.■■■ '.The'mother, shoots on the un-' 
V prun^ trees had a mean length,, of 5,0.6 ,cm., with a coeffirient of warih- 
^ bility of 29. ^ ThC'number'of original budS',they"possessed''was,ai.5 with 
a corf 5 cient,of vaiiabffity of 254. ■ ^ The frequency distributions of’ these,,'' 
‘ ^are shown in figure';!. 'Bpth^ distributions'are',asymm 

wdhave askewness in the direction of the higher values. ' 
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1. GROWTH AND DIFFERENTIATION OF DATERADS 

The characteristic gro'wth of laterals and' frtdt spurs on the mother 
shoots is to be regarded as an expression of their capacity to'develop 
under the influence of the various internal and external factors at' work. 
An analysis of their nature and variability ought to throw some light 
upon the laws of growth. 

Such an analysis will involve an investigation of at least two phases 
of the,laws of growth—^first, the total quantity of shoot wood produced 
upon the mother shoots, and secondly, the differentiation found in the 
laterals'produced upon the mother shoot. At all stages of the inquiry 



NmB£R.OFB(/Pe 

Via I. -~Ffeaue»cy clwtributioasoC buds ottijipther shoots., ■ The.soHdliae indicates distribution on pmaed 
shoots and the broken line distribution on unprutted shoots. 

it will be profitable to compare the growth produced on the pruned 
mother shoots with that produced upon mother shoots of similar age 
which received no pruning. 

It will doubtless seem to some readers that the investigation treats 
tfie mother shoots to too great a degree as independent organisms! 
The only reply to sudi a criticism is that it seemed impossible to treat 
them in any other way- While correlative influences undoubtedly rast 
between the different mother shoots, it seems at present impossible to 
evaluate them. IBy using a sufficiently large population, it is probable 
that such correlated influences are to a'large extent equalized. It may 
be stated, however, tiia,t the upri|jht shoots on young pear tre^ 
.sufl&ciently uniform ■fctt''Ell purposes of.thebrtseritvifiyesijgatiofi-- 
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TOTAI, PRODUCTION OP DATBRAUS ON THE MOTHER SHOOTS 

Reference to Tables I and H gives a genaal idea of the total length 
of all laterals produced upon the 324 mother shoots measured*^ It is 
at once'evident that there is pronounced variability in the total amount 
of new wood produced by individual mother shoots* The mother 
shoots which had been pruned in the preceding winter produced an 
average total growth of 251.5 ±4.9 cm. The total shoot production of 
the pruned mother shoots ranged from 85.cm. to 685 cm., with an inter¬ 
quartile range of 148.53 cm. and a coefficient of variability of 44,91 
per cent. The unpruned mother shoots produced an average total growth 



Pso. fl.—Fieqtiaicy' distilfoatioiis of total slioot znmtk on mother shoots. The solid liae ladicates dis** 
tribuUoii m pnmed shcK>ts aad the brtdcm Him distribiitioa cm 

of 140.5 ±^5,3 cm. ' The total length of new shoots on unpruned mother 
■shoots ranged' from 75 cm. to 325 cm., with an interquartile range of 
71.44 cm. and^ a coefficient of variability of 37.82 per cent. So far as 
these figures go, there is, therefore, slightly more variability' in the total 
amount of new wood produced by the , pruned mother shoots. The 
graphs,in figure 2 show the nature of the two^ populations, when the 
quantity of new wood'produced is used as^ abscissa and the frequency 
as' ordinate. The class range ior ffie .growth on the pruned shoots was 
60 cm. and that for the growth on the. unpruned shootS' was 50 cm. 

^ 'The presentation 6f the actual meastiremeats of the laterals woidd fill several ' very larise tables. While 
I resize .that these measwremeats shotdd foe published, it seems' best in 'the .interests oi tconemy to stwtt*. 
mame the data and. give them in Tables I and 11. The complete' data are on. file, at the Gtrtis'. 

Station, and copies'willbesentto workers'who feel that dhey might profit by''the'nj.''. ' ' ' ^ 
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Tx\blE l.—Mean length of laterals on pruned mother shoots 





On mother shoots -which, after pnmin 
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^ , These graphs'give further evidence on the nature of the^ growth of' 
new shoots on the pear tree. ' ^ 

''Tu'^'case the total amount of'growth produced .on the mother shoots 
were dependent upon mere accidents of position or other factors' of 'pure 
chance, we'S'hould expect To find that its frequency distribution would 
approximate the normal curve of errors*’ 

In both cases the frequency, distributions depart; rather widely ''from 
that of the normal'Curve of'erro'rs* The values for the''growth, on the 
pruned shoots were!ound to belong to;Pearson's type IVcurve of frequency, 
distribution in Rhind' (12), and those of the unpraned shoots to a typel 
curve.,; Both distributions, are distinctly skew'toward the'higher .values'' 
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and indicate that there is a tendency in the population as a whole to 
produce more than the mean quantity of wood. This tendency in the 
growth response may, however, be opposed by some factor in tlie tree 
which operates to cut, down the number of individuals attaining greatex 
length. 

TabItE II .—Mean length of lafetals on unprwied mother shoots 



On mother $hoot:s which had— 

I.,ateral Ino, 





X2 to buds. 

20 to 27 btids. 

28 to 36 buds. 


Cm, 

Cm, 

Cm, 

Apiqal. 

7 °- 3 

66.1 

66 . 3 

I.... 

i8.S 

9*1 

28. 0 

II..,... 

1S.7 

20.3 

27. 3 

Ill.'. 

6.9 

4.9 

6.9 

IV. 

4*5 

4.4 

I. I 

V. 

4.0 

2,8 

3‘4 

VI...'.^... 

3-0 

1.4 

x^a 

VII.... 

1.8 

2, 7 

3 C. 0 

vni... 

J. 0 

*9 

4.0 

XX.'.... 

3*9 

1-3 

'X.3 

X........ 

3*7 

2.5 

1,4 

XI... 

1.8 

2. 7 

.1,7 

XII... 

X .4 

' X. 5 

, 7*3 

XIII....... 

•7 

3.4 

1.4 

XIV..... 

.6 

i.S 

3 * 7 

XV.... 

.6 

X. S 

X.6 

XVI. 

0 

.8 

X, 9 

xvir....■. 

0 

2, 0 

1.3 

xvni..... 

0 

1,6 

2.4 

XIX...■...' 

0 

.7 

2.9 

XX..... 

, 

*S 

1,4 

XXI. 


•3 

•7 

XXII. 


,4 

*7 

xxin.. 


.2 

1.4 

XXIV.....■. 


. 2 

1,0 

XXV.......■. 


, i 

«4 

XXVI.'....... 


.0 

' ,4 

XXVII...... 


.0 

. 3 

xxvni.... 



0 

XXIX........... 



0 

XXX.... 



0 

3 CXXI... 



0 

XXXII.,,..'... 



0 

XXXIII... 



0 

XXXIV'.... 



0 

XXXV........ 



0 

XXXVI,......... .. 



0 

Total.... 

142.6 

134.1 

172, 5 


To attempt any far-reaching analysis of the causes of the greater 
range and variability in the shoot production on the pruned trees would 
be unprofitable with nothing more than the data at hand. There is 
evidence that the orientation of a shoot with respect to a perpendicular 
line has a controlling influence per se upon the amount and distribution 
of subsequent growth. In selecting the material for this study the at- 
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tempt was Biade^ however, to avoid ail shoots which to any measure- 
able extent departed from the perpendicular. Further experimental 
work ought to be done to determine the ratio between the new mate¬ 
rial produced and the amount of shoot pruned off, as well as the, ratio 
between the amount of new material produced and that left on' the 
tree. 

At this point the question may logically be asked, Does the' severity 
of the pruning affect the total amount of wood produced in the follow¬ 
ing season?'', To answ’^er the question we may consult the data given 
in Table III, which sets forth the mean total length of laterals produced 
on pruned and unpruned mother shoots. On the pruned trees the class 
range is three buds, on the unpruned it is eight buds. / The larger range 
in the latter case is due to the smaller population and'the necessity of 
avoiding classes of very low frequencies. 


Tabi^B III,—Total produciion of laterals on mother shoots possessing varying number 

of buds 


Mean number of buds on mother shoots. 

■ '■ ' 

Treatment of mother shoots. 

1 

Total 

mean 

lateral 

produc¬ 

tion. 

Root- 
tnean- 
sattare 
devia- 
' tion. 


Pruned... 

Cm, 
246.3 
269. 3 
240.7 
245.9 
237. 8 
237. 2 
246.1 
,313.1: 
281. 6 

1 , ■ ' 

24* 22 

I 

.do. 

x,i..... 

.do... 

..'. 

.do... 

17. .. 

.do... 

20. ..'. 

.do.. 

2^... . 

.do... 

26..... 

.do...... 

-22... .... 

.... .do.... 

Mean... 


257.6 

3 r 6 .'.,.. 

tJnnruned.. 

142. 6 
134.1 
172. 5 

16.47 

24. f -.1 

....^do. 

*22. .... . 

.do.. 

Meatti.... -.. 


149.7 




Tt Is easily seen from Table III that; there is little real difference in 
,the'mean total length-of laterals'on mother 'shoots of different, sizes. 
In both pruned and unpruned mother shoots it, will be seen'that, so far 
as, total shO'Ot growth ' is' concerned, there iS'no marked or consistent 
difference between the various classes, though there is a tendency for 
.greater growth output' on 'the class'of mother' shoots,possessing from 
25'to ,27 buds., It will be found,'however, that, the values are not so 
widely dispersed from their respective' means as to indicate deviations 
of'marked, biological, significance. 'Tn each 'case, the, deviation',of'''the 





























856 


Journal of Agricultural Research 


Vol. XXI, No. II 


several values from tlieir mean is only about lo per cent of tlie tiiean. 
In dealing with biological material we should not be justified in attach-- 
ing any significance to such slight differences, since they might just as 
probably be due to factors which produce chance variations. 

It therefore seems evident from these figures that the growth output 
of a mother' shoot is practically independent of the number of buds it 
possessed or of the number of laterals it produced. On the mother 
shoots on the pruned trees the largest number of laterals in the various 
classes ranged from 4 to 36, nevertheless the total production of laterals 
was remarkably uniform, considering the variability commonly encoun^ 
tered in biological material. It should be noted that the differences in 
length of the pruned shoots were due to the varying amounts of wood 
removed when they were pruned and not to inherent differences in their 
size. 

^ These results seem to correspond with the data obtained by Miss 
Brenchley (i) on the total dry-weight production of barley and mustard, 
in pots containing uniform quantities of soil. She found that, so far as 
total dry weight was concerned, there was,no real difference whether 
there we,re 2, 3, 4, or 5 plants per pot. 

In this inquiry we have so far neglected one question which the reader' 
is likely to raise, *^Is there any tendency toward compensatory growth 
following the amputation of various amounts of the mother shoots?” 
In the category of biological ideas there has been some sort of idea that 
an injured organism, or one of its members, has a tendency in its growth 
to restore lost parts.” This idea, though often expressed in crudely 
anthropomorphic phraseology, has dominated many purely qualitative 
studies in regeneration.: It is deserving of study in a quantitative way 
if'possible. 

The total new growth plus the length of the mother shoots may be 
compared for the ^different classes, of mother shoots. Table IV g:ives 
the means of these various sums and the root-mean-sqitare deviation of 
the series from' their respective averages. For the pruned shoots the 
values range from 260.0'cm. for the'”5” class to 381.7 cm. for the ''26” 
class, a difference between extremes of, 121.7 an," The mean total 
lengths, of laterals alone'(Table III) had, an'extreme difference of 75.9 
cm,' ..The wider,range of,values in Table IV is'to be attributed to the 
inclusion 'of the, length of the' mother shoo'ts. Another way of showing 
tie same relation' is by; the value ,of the root-mean-square, deviation, 
which measures the; dispersion of, the. variates from their mean value. 
In Table HI the roQt-mean-square deviations ,for the pruned 'Und .ua- 
pruned shoots were 94^and ii.o,,per cent of their respective means. In 
Table IV these deviations, were'raised to 12,8 and' 15,1 per cent ,of the" 
Ijespeqtive means. 
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Table IM.—Lmigtk of mother shoots plus total length of new wood produced on them 


Mean nimiber oi binls on, motlior shoot. 

Treatment of mother 
shoots. 

] 

Length of snother 
shoot plus total 
, new growth. 

Root-mean- 
sciuare devia¬ 
tion from 
mean. 


Pnined. 

Cm. 

260. o±;i4. 6 
293. li 12, 6 
276. 5i: 8. 2 
2S8. 7 i; II. 6 
i 285. oi 12. 3' 
283. 6i:ii. 7 

307- 2±: 16. I 
381. 7^:24. 6 

366.3^23.9 

39.08 

s...... 

.do . 


.do. 

X 4 .... .. 

.do. 

17.'... 

.do. 


.do... 

23. 

.do. 

26..... 

.do.... .. 


.do...... 

Mean. 


304. 7±:S-79i 


Unprnned.. 

178. 6±:io. S 1 
185. 4 ±: 6. s 
247. Ii:i 4 . 9 : 

30, 81 


.do. 

22,... 

.do. 

Mean.'. '... 


203. 7dt 12. 0 




The coefficient of correlation between the length of the mother shoots 
and the total amount of new growth produced by them is a more concise 
way of expressing the degree of association between the two variables. 
The values of these coefficients were found to be— 

For the tmpruned shoots..f=o. 140^=0,074. 

For the pmned shoots....r—o. 004 ±0. 041. 

The first coefficient is only twice its probable error and can not be re¬ 
garded as of much significance, and the second coefficient fails to show 
any degree of association whatever. It does not appear, therefore, 
that there is any tendency in these pear trees toward stabiEzing the size 
of the system., mother shoot plus new laterals. In other words, there 
is no tendency toward a ‘‘restoration of lost parts” through growth. 

■ The absence of such a tendency to restore lost parts is also emphasized 
by the amount of growth produced on mother shoots which received no 
pruning. Without any stimulus of that sort they produced 58 per cent 
as mudti new growth as their pruned neighbors* 

REbAXIOHS 'BFTWF^SH'THF SIZF AND' THE POSIWON OF JUTBRALS ON THE 

mother, shoots 

The laterals growing from the buds^ on a mother shoot exhibit differ¬ 
ences which are,so.characteristic as to attract the attention of the most 
casual observer. On^ the pear, as well as other trees, the longest lateral 
.is, usually produced at the apex, of: an upright .mother shoot, and each 
successively’ lower lateral is usually .shorter .than the one above it. We 
,m.ay proceed To a study of the'quantitative relations of the laterals in this^' 
'population. ^ ^ , , , .' 
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The mean length of the laterals is given in Tables I and IT but it will 
facilitate the inquity to have them assembled in !)asipetal order as in 
Table V. These means are composites of those in Tables I and 11, 
blit ill making them due weight was given to the shoot-producing power 
of each class of mother shoots. The shorter mother shoots were iicces* 
sarily omitted in making up the means of buds having higher serial 
numbers. For example, consider a mother shoot which had, after 
pruning, 14 buds. Obviously this shoot could produce no laterals from 
the twentieth bud, because it had none. Therefore, it was omitted from 
all classes having more buds than 14 at the outset. If a mother shoot 
possessing originally 26 buds failed to produce a lateral from the twentieth 
bud, its production ,(for tliat bud) was counted as zero and the mean was 
correspondingly influenced. 


Tabi^B V .—Mean length of laterals produced on mother shoots 


natorai No. 

Pruned. 

Uupnmed, 

Observed. 

s. 

Observed. 

vS. ' 

Apical........ 

Cm, 

Cm* 

Cm, 

67. 76 

T e. jio 

Cw. 

67.76 


110. 18 

no. 18 

II........./.. 

69. 14 
31. 14 
11.03 
9. 01 

70, 66 
40.09, 
20.08 

6-43 

6.29 

T. f )2 

'*■ 3 ' 4 y 

20. 67 

c. 

xo. 7a 
3:2.34 

in. 

IV..■. 

J' V 4 

V. 

3*34 , 
2.01 ; 
2,13 ; 
2.56 
2.31 ; 
2.82 i 

4. '64 

VI...'. 

I. 82 

3* 01 

2.74 

2. 29 

VII.'... 

3*57 
2. 04 
.88 

VIII....^... 

2. 23 
' ■ X. 64 

IX..... 

2.69 
2.' 27 
2.53 
2,16 

X.^__ 

X,23 

2.14 
! 3-57 

1 . 5 S ' 

X.18 
. c!e; 

XI..■. 

XIL..... 

1.8i; 

2.38 


XIIL..._'... 

a. 09 
'X. 58 ‘ 
1.3:6 

90 
I, 63 
X. It 
I. X K 

id 

XIV ... . 

XV.... 

X, 

XVI.____'..... 

x.Sy 
, a. 32 

T AT 

ad 

xvn.....i.,..,...,.. 

A. 44 

', '03; 
l,X3 

XVllI' ' W , ' 

2. 53 
'.62' 

; I. 71 
X. 06 
I; 77 

. oO 
. 93 

. '' Rrt 

XIX..... 

Xm VJL 

I. Oo 

XX...'......'. 

^ fO 
* 22 
.68 
X. 89 
2,85 
3 - 87 
2-33 
2, 21 

» / X 

A SI 

' 

, 00 

XXI... . .... 

XXII . . . . . .. . 

* 

* S 3 

XXIII........,..'....'... 

2.88 i 

•O /vA ; 

• 0/ 

•39 

'.291 
•22 

' * 44 
•33 

XXIV........... . 

XXV...... ... 

-ft* Vy 1 

i 

X. 52 

T T T ' 

.30 

XXVI.......,....'...,,......... 

.25 

XXVII _. ' ___ 

' 7 T 

.22 

* 22 

XXTOI'..'.1 .. 

• /* 

JL- XX 

i|C 

, II 

XXIX.,....,'.,.... ... 

iXX. 

0 

* 

0 

0 

0' 

. IX 

0' 

' mCYT I ‘ , 

* Wt ■*' '*' 4 ’’# # f A * « * « # *4 •' ’» 4 » ♦ * 4 4 * • * R 

xxxii.....;. . : 

0 

0 

0 

0 

0 

' ' 0: 

0 

' '' 0 

^XXXlIIfV. . ' , 

’ 

, 0 

0 


XXXIV,,., . . ' 

0 

0 

0 

0 

XXXV................ . 

0 

0 

0 . 

" 'O' ’ 

XXXVI.,■ 

0 

0 

'- 0 , 

...._' ' ''' I 

w 

i 

, 'O' 

0 

' 0 '■ 
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The data presented in Table V show that the lengths of the laterals 
arranged in basipetal order form some sort of a descending series. The 
Icngtiis of the first half dozen laterals descend very rapidly; indeed, 
from that point down there is no marked decrease in values in the pruned 
series, though the unpruned series shows a second descent from about 
lateral XVIII. In data of this kind it is frequently advantageous to 
use S instead of the observed values of y. In this case S is computed 
from 

yx-i+yx+i 
-? 



the ktetate on unpmned motlier shoots. 

when y represents length of the lateral and x represents its ordinal posi¬ 
tion ,on the mother shoot; Thus,the ■ value of S, for any .given lateral 
represents the average of the preceding and the following, laterals, As 
McEwen and Michael (< 5 ) have pointed out, this takes advantage of the 
fact that the slope of a chord of a simple curve is approximately equal 
to the'slope of the tangent at the point midway between, the extremities' 
of the chord. Its'" use enables one. to smooth'out'inequalities di4e,tO' 
'errors of sampling or to' other'causes. ■ In compaiing the various values 
of S,it is convenient,to employ logarithms of' the values, as was, done, 
'in making the 'graphs shown in'figure 3,'because, of the wide'.range'pf 
the figures''and of the'difficulty in msing. a', satisfactory .scale. 'is 
'obvious that,.these; graphs' would'descend.in a' comparatively .straigjit 
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Ike from left to right if the lengths of the laterals formed a regularly 
descending geometrical series» As mentioned above^ the descent is by 
no means nniforiB. The logarithms of the first seven values of S descend 
rapidly and somewhat uniformly, but from that point on the descent is 
less rapid and more irregular. In the language of the liorticiiltiirist, the 
first few buds formed shoots and the rest formed fruit spurs. The 
formation of these two classes of laterals is of great importance in. horti¬ 
cultural practice, and their regulation is one of the principal objects of 
pruning. A discussion of the physiological aspects of the problem will, 
however, be postponed until other data have been presented. 



Rg. 4.-”Me£«i length asid.va'riabiHty.of latemlg I to XV on pruned inotber shoots. .The citclu tedi- 
eate the observed, xnekii. lengths of laterals; the dots and' dashes, ,the standard'deviation; the farokeitti 
'. line, the coefficient of'variability of laterals; and the solid line, the mean' length of laterals I to X 
calculated from'.47 4-4* r933:«-1:36.907 log'*. 

Tile length, of the first 10 laterals when plotted as in figure 4 indicates 
that they follow a curse of a type frequently encountered in biological 
data. By the aid of tables given by Pearl and MePheeters (S) the equa. 
fibn for this curve was computed and found to be 

93-47 + 4-193*-136-907 log*, 

when y represents length of lateral and x represents its ordinal position 
on the mother shoot. The path of this curve is shown in fighie 4. 
That it is more representative of the laterals than of the fruit spurs is 
shown both by its shape and by the fact that it gives values of zero or 
Jess from lateral X and below. 
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These figures clearly betoken certain biological relationsbips which 
must be of prime importance in attempting to understand the laws of 
development in higher organisms. They make it possible to extend the' 
ideas on integration and differentiation which formed such a considerable 
part of Herbert Spencer^s (ij) ** Principles of Biology/' The figures 
presented show that the length of a lateral is some sort of affunction of 
its ordinal position on the bi'anch which bore it. That the length of a 
given lateral is as niticli an expression of the properties of the branch as 
the angles of a crystal are of the properties of a salt there can be no 
reason to doubt, , This is not to say that the equation giving the length 
of a lateral will necessarily disclose the physiological factors determining 
it, but it does banish the idea that form and function are so variable as, 
to be outside of the realms of exact science. 

The series of correlations reported on a subsequent page are further 
evidence of a functional relationship between the various laterals with 
due regard to the factors which may reside in the mother shoot. The 
representation of their relative length by a mathematical equation is 
not, therefore, due to chance or to the fortunate choice of an equation* 
Future, work in this important field on subjects such as those investi¬ 
gated by Pearl (7) and by Johnson {4) should afford information of the 
utmost value,' 

■vARiABimXY mrw^ length of laterals 

The biological constitution of the population under consideration was 
next investigated. The nature and amount of variability existing in 
the population was used as an indicator of its genetic character. The 
laterals onThe' pruned shoots served as a basis for the inquiry, because 
of the' larger number in the population." 

A graph in. figure 4 Shows the coefficient of vaidability of the first 15 
laterals produced on, the pruned mother shoots. , The ''coefficients of 
variability of these means increases somewhat irregularly from 23,18 for 
latera'l I to .359,90. for lateral XIII and falls to 159.52,for lateral, XV* 
This, indicates that the laterals produced, from the distal end of the: 
,m,pthet, shoot are Jess variable in length than those produced mearer the 
proximal ,end of the shoot. This increased variability can not be attrib-.. 
"uted to the smallness of the group' or ,to a 'poor sample, because late,ral 
XIII'comprised a' population of 172 individual's. 

'' ,The fact that mininium variability occurs in the members at the'distal 
end of the ''Shoot .has previous.iy been noted in Ceratophyllum' (7). ''On' 
Ceratophyllum the' whorls of leaves borne' at the distal'.end' of' the shoot 
may be considerably younger than those borne'.at the opposite''end.^ 
'On 'the pear shoots the' distal ;lateral ,is likely to be 'the, oldest m the mothe'r 
's,h'o'ot'.,"thou'gh' in many -cases thC' diffe'rence in age is Yery slight. The 
position of the 'lateral .'upon 'the parent axis appears tb'be''m'ore of a factor 
,than'age,in detemihing, variability in length. ' 
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Another phase of the variability of the laterals is shown the graphs 
in figure 5, which show the frequency distributions of laterals I and V 
in the pruned class and of the apical shoot in the luipritned class. The 
graphs for the apical lateral in the unpruned class and for lateral I are 
fairly symmetrical, but have a skewness in the direction of the liiglier 
values. The graph'for the lateral V is very asymmetrical because a dis- 
proportionate number of variants fall in the upper classes. Each of 
these graphs indicates that the variability in the length of the laterals 
is not a chance phenomenon, but that it is a function of their position 
on the mother shoot. The tendency of these factors is to produce 
more long laterals in each class than would be found if their length were 



5.—r*reQtumcy dlstribtitioBS of the mean lengths of certain laterals, The solid line representsltttfal I 
on proned mother shoots; the broken line, lateral V on pruned mother shoots; and the dots and dtthes„ 
th,e^ apical lateral oH' tmpnmed' mother shoots. 


determined by pure chance. That this influence is inherent in the 
tree and not due to the operation of pruning is shown by the same 
tendency in the frequency distribution of the laterals arising from the 
apical buds on the unpraned mother shoots. 

II. DOMINANCE OE THE DISTAD LATERADS OF THE PEAR TREE 

It is hardly necessary to mention again that the distal lateral on a 
vertical shoot is usually larger than any other lateral growing between 
it and the base of the mother shoot. It will be profitable to study the 
problem somewhat further with the hope of gaining more light on the 
causes of this characteristic type of growth. 

An inspection of the tables giving the size of laterals on the motbej: 
shoots ^ows that, as a rule, the length of the distal lateral has some 
sort of inverse ratio to the lea^ of its mother shoot-^^^^ T^^ 
ship was determined by computing the coefficient of correlation between 
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the length of the distal laterals and the number of buds possessed by 
the mother shoots upon which each was produced. The number of 
buds is tliought to be of greater biological significance in this case than 
tlie actual length of the mother shoot. The value of this coefficient for 
the pruned shoots is r = -o.266±o.038, and for the unpruned -o.i96± 
0.088, The negative coefficients are in harmony with the relations 
already observed between mother shoots and their distal laterals. The 
coefficient expressing the negative correlation between the length of 
the pruned mother shoots and their distal laterals is statistically signifi¬ 
cant and indicates that the more severely the mother shoots were pruned 



MmNl£N&mOFDISmLLffT£f^LS‘-IN6£NTlMET£n& 

of mean leagrth of distal laterals on mean number of buds per motto sboot Qrdes 
india^tte observed mean length of laterals on pruned mother shoots; the solid line, the curveof means cai- 
cnlated for. laterals on pruned shoots; the triangles, the observed mean length of laterals on tmprtmed 
mother shoots; and the broken line, the curve of means calculated for laterals on tmpruaed mother shoots^ 

the longer, were their'distal laterals., For the unpruned mother shoots 
thecorrelatioa coefficient is likewise negative, but statistically less reliable 
'because of the relatively large probable error accompanying it. 'Had the 
calculationsheen’based upon a,larger population, this coefficient might 
have beenol'Osa: to that for the other ■ class of shoots. \^ 

' The regression "of the means in the two cases is shown in' figure' 6. 
The calculated values were obtained from 'the formula 

where^ is the mean value of theac’s, y oi the /s; and r is the correl^tidh 
coefficient. 
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We may digress momentarily to see whether the prtmiiig increases 
the dominance of the laterals produced in the distal region of the mother 
shoot. For example, in Table I it will be seen that the class of rnother 
shoots^ having 23 original buds produced a mean total shoot growth 'of 
242.5 cm. and that the five upper buds produced 90.7 pet cent of the 
total shoot wood. By comparing this with^ itnpruned mother shoots 
having 24 original buds (Table II), it will appear that the five upper 
buds produced only 78.8 per cent of the total shoot growth. It will 
also be noted that 21 laterals were produced on the average pruned 
mother shoot mentioned, and 25 laterals were produced on the average 
impruned mother shoot selected as an example. 

A consideration of the relative length of the laterals on the mother 
shoots prompts one to determine the nature and amount of correlation 
existing between the laterals produced near the distal end of ’the mother 
shoots. The results of such an inquiry might, be expected to throw some 
light upon two important questions—(i) “Is there a group of factors 
'which tends to differentiate the mother shoots in their capacity for the 
production of laterals If so, they should find^ expression in a correla- 
tibn'between any two laterals on the same mother shoot. (2) “ Are there 
factors which tend to differentiate'the laterals' on the same axis? If so^ 
they should find expression in differences in the correlation between 
laterals in different positions. 

The coefficients given in Table VI show the correlation existing between 
the first four laterals on tiie pruned mother shoots when ■ compared in 
different ways. The coefficients of ordinary, or gross, correlations are 
given at the head of each column. Below them stand the coefficients of 
partial correlation. 

The latter coefficients are intended to express adequately the amount 
of correlation existing between nonad jacent shoots. They are an attempt 
to answei' such a question as, “What is the correlation between 'th^,,first 
and third latei-als, assuming that'all.the second laterals were of"equal 
length?'' 

TabuU VI. — Coefficients- of gross and partial correlation of the length, of the four distal 
laterals on pruned mother shoots 


%. o. 346 ±o. 036 

rri'.S' *. ‘..... 266i . 038 
%,4--' - 3 U± -037 
...258^: .038 


• c.o. 29'6 ±o. 037 
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fuA .. *2674: .038 
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. 
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.0834 .041 
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-O.'21640.039 

.'1754 .040 
'. HSA ^040 
. 1264 .040 


'O. 27240, 038: 

^34.1. .2394 .039 

%.2-.2214 .,639 

rs 4 ,n> ,.' 2074 '/.839 


.' 2704 ' .030 
, 2024 03,9 


^ 24 , 1 * ' 


The coefficients of gross correlation are all positive and of'Sufficient 
-magnitude in comparison- with their .'probable errors. to,' be considered 
signi^cant, ,They indicate,,that■:,the groMh'of one .lateral,is correlated' 
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witli the growth of other laterals on the same motha: shoot and that the 
correlation between adjacent laterals is greater than for nonadjacent 
laterals, suggesting that the factors determining the amount of growth 
are not uniformly distributed ■ in the mother shoots. Moreover, the 
greatest correlation' is found between laterals at the distal end of the 
mother shoots and becomes less with each successively lower pair of 
laterals. 

The coefficients of partial correlation go some%vhat further in showing 
these relations. A comparison of and ri2A shows that by equal- 

izing the effect of the third lateral, the coefficient is diminished from 0,346 
to 0.2 66, but equalizing the effect of the fourth lateral reduces it only from 
0.346 to 0.324. Broadly speaking, the length of the fourth lateral has 
less effect than that of tlie third upon the correlation between the length 
of the first and second laterals, ' When the length of both the third and 
fourth laterals is equalized the correlation between the fii'St and second 
laterals is reduced from 0.346 to 0.25S. The value of is the lowest of 
all the gross correlations and the' coefficients of partial correlation into 
which enters are so low in comparison with their probable errors as 
to lack statistical significance. 

The values of these coefficients may, therefore, be regarded as good 
evidence in favor of an integral relationship in the growth processes of 
neighboring laterals on, an upright mothei* shoot'and that neighboring 
laterals have a tendency to vary together, 'It would seem difficult to 
escape the conclusion that factors which promote growth in any lateral 
also tend to promote growth in the adjacent lateral. It would at least 
seem that these measurements speak against any explanation which' 
rests' upon the assumption that the dominant apical shoot is such because 
it has withdrawn food 'Or growth stimulators from the subapical region 
of the mother shoot. It is quite possible that two distinct groups of 
factors' are operating to influence the growth of these laterals, one of' 
which tends to make all the laterals of a given mother shoot either longer 
or shorter tlaan the average ''for' the' population' as a whole, while the 
other'group tends to op'pose the development of the subapical shoots, tMs 
suppression.'being the more'complete as the distance from the distal,end 
of the shoot increases.'' ''The existence of'Significant positive'correlations 
between' adjacent laterals 'speaks for, .the existence of the 'first group' of'' 
factors.:' The systematic, differences in the wakes of the''inteflateral 
correlation coefficients speak in favor of'the second group of,,factors. 

This may mean that while there is a well-marked tendency for the 
factors which produce length in the first lateral to produce length in the 
laterals bekW' it, there is some other factor at work 'which' tends to, block:, 
the: operation'of the length-producing factor in the subapical shoots'.and ^ 
that it iS"inore completely 'blocked'''as 'One proceeds, 'dowH' the 'axis',of .the, 
'mothershoot , '' ' , , '''/ 
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Further light on these questions may be obtained if we inquire con¬ 
cerning the possibility that any lateral may grow to the length of the 
lateral immediately above it. By use of a formula given by Harris (j) 
we may obtain a quantitative expression of this capacity of subapical 
laterals to come to development. The capacity of the second lateral to 
develop with respect to the first might be expressed as 

Vy _ 

where t^y is the coefEcient of correlation between the two characters 
and Vs; and Vy are their coefficients of variability. 

■Determination of these constants gives the following:. 

■ Lateral II with respect to lateral! 0.883±0.009. 

■ Lateral III with respect to lateral 11 —0.876 ±0.010. 

Lateral IV with respect to lateral III —o.83o±o.oi3. 

Lateral!II with respect to lateral I ■—0.973±0.002. 

Lateral IV with respect to lateral 11 —0.958 ±0.003. 

Lateral IV with respect to lateral I —0,991 ±0.001. 

These coefficients measuring the correlation between the length of the 
subtending lateral and the deviation of the variables from their probable 
values are all negative and relatively large. Their values have a tendency 
to increase as the distance between the laterals, increased. 

^ The results show that the subtending laterals fail to attain the size 
we should' expect when the more distal laterals have a larger size. , In' 
short, there is the clearest evidence of a competition, or of an inhibition 
of growth, associated with the development of the higher laterals. 

III. PRODUCTION OF FRUIT SPURS 

The short,'Spur-like branches on the limbs of iht pear and^'.other Trees 
call for special consideration. , They differ from the longer pliable shoots 
of the same tree in being primarily ■ fruit-bearing, shoots and, in the 
parlance',of the horticulturist, ■ are called /'fruit spurs/’ As is'well 
known, they 'grow slowly in'length, have 'short internodes, and charac¬ 
teristically, bear a flower bud' at the apex,instead of a, vegetative bud. 

,'The; fundamental physiological and'morphological differences, between 
■ the'two classes of shoots,have been dearly', set''forth by'Vd^chting (14 ), 
.'■and'Others,' '■ 

If we grant that the production of fruit spurs,,'as well ■as that of '.tffe, 
longer laterals, is a function of, The'growth process of 'the tree,' we ''may' 
proceed to inquire concerning,.their',distribution and, the laws of their' 
characteristic growth. The difference' between' fruit spurs, and purely', 
vegetative shoots, as mentioned above, is''''primarily ''Oiie 'Of degree', ■■and, 
noLof kind. Consequently it is necessary to fix, arbitrarily, the'length ■' 
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limit wliich, shall define a fruit spur. In this investigation of young 
branches the limit has been set at 5 cm,, and, in accordance, all shoots 
having a length of 5 cm. or less are designated as fruit spurs. 

The, number of frtdt spurs on the pruned mother shoots ranged from 
o to 13. The larger number ■ were naturally found on the longer mother 
shoots* The energy of the shorter mother shoots appears to have been 
used mainly for the production of vegetative shoots. The number of 
fruit spurs on the impruned mother shoots ranged from i to 20, but only 
two shoots had fewer than 4 fruit spurs. 

The data .given in Table VII show the mean number of fruit spurs pro¬ 
duced on mother shoots of various classes. The mean spur production 
of' the shorter pruned mother shoots is very low, but increases, somewhat 
irregularly, until the largest number is found on the mother shoots having, 
more than 28 buds. There is a well-marked tendency, however, to less 
variability in spur formation on the longer mother shoots. ' The last two 
classes of mother shoots on the pruned trees seem to be in a class somewhat 
different from the others in respect both to the mean number of fruit spurs 
formed and in having much less variability with respect to the mean. 
It would seem that these pruned mother shoots failed to produce more 
than a minimum of fruit spurs except when they possessed more than 
25 buds per mother shoot. 

The mother shoots on the unpruned trees produced considerably more 
fruit spurs than their pruned neighbors. The lowest average in this 
group was practically equivalent to the highest average among tlie 
pruned trees. The variability in the number of fruit spurs with respect 
to their mean was less in the longest mother shoots than in those of any 
other class. Clearly thei'e is a'manifest tendency for decreased varia¬ 
bility to be associated with increased production of fruit spurs. This 
characteristic may also be discerned in the growth of vegetative laterals 
at least so far as their length is concerned* The greatest output of 
growth material leads to the production of the longest laterals and to 
the lowest variability. 


Table VIL -—VmaUUty in the production of fruit spurs on mother shoots 


Ntimlaer of ori^nal bu 4 s on mother i 
' shoot 

Treatment of mother 
shoot. , 

Mean number of 
fruit spurs per, 
mother shoot 

Coefficient of 
variability. 
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The graphs in figure 7 show the distribution of fruit spurs on two 
classes of mother shoots, one of which was typical of the primed and 
the other of the unpruned shoots. They show tliat the tyi>es of dis¬ 
tribution in the two cases are fuadatuentally different. For the pruned 
shoots the greatest frequencies were observed for those having 3 fruit 
spurs or less. For the unpruned mother shoots there were none having 
less than 4 fruit spurs, and the highest frequencies were found for shoots 
having 12 to 18 fruit spurs. 



We may say, tlierefore, that the typical pruned mother shoot was 
characterized by few fruit spurs and that the typical unpruned mother 
shoot Was characterized by relatively many fruit spurs. 

to contain nothing especially 
new to those familiar with the art of pruning. They do furnish, how¬ 
ever, quantitative data upon which an analysis of the growth response 
of the tree may be based. HortiGulturists have long known that little 
or no pruning results in the production of shorter laterals and of more 
bloSaoms, Whether the tree is thereby rendered more productive of 
Wh^er the fruit is of satisfactory quality is, however, another question. 
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DISCUSSION 

It remains to see how the data presented above will contribute to an 
tniderstanding of the’ growth process in trees, especially in relation to 
the characteristic fomiation of vegetative and fruit-bearing shoots. It 
hardly requires further discussion to show that tlie new shoots on the 
pear tree arise in such a perfectly definite and orderly fashion as to sug¬ 
gest that their growth and distribution is governed by definite causal 
factors. The problem is to discover, if possible, these causal factors 
and their functions. The discussion will adhere in a general way to 
the arrangement of data presented in the preceding pages* 

; The total amount of new shoot material produced on pruned and un- 
pruned mother shoots ought to show what result the stimulus of pruning 
may produce, and to give a basis for discussing the nature of accelerated 
growth. 

A comparison of the amount of new growth produced in the two cases 
shows that the branch system is larger at the end of the season than 
would,be required if the growth response were merely a means of re¬ 
storing what had been .removed by pruning. ' In other words, the^ ampu¬ 
tation of part of the mother shoot has resulted in producing more new 
growth on what remained of that particular shoot than would have been 
produced if it had remained uncut. The problem is not, why such a 
shoot produces new laterals, but why it produces a mass of new 
laterals about 65 per cent greater than it would if left unpruned. Since 
this problem is fundamental to the theory and practice of tree pruning, 
it may be profitable to extend the inquiry as far as possible. 

The simplest conception of growth which we seem warranted at pres¬ 
ent in holding is that it is the result of some sort of a catalyst acting 
upon substances acquired by, or produced in, the organism. In the 
absence' of contrary evidence we must believe that all buds and other 
^ meristematic tissues are supplied with either the active or the potential 
catalyst," The ratio between the growth of a particular organ,and the 
growth of the rest of the tree must,in some way depend upon the relative 
activity of the catalyst of these organs. 

In connection with these' suggestions reference may be made to a paper 
''on the growth of; pruned and unpraned branches of the apricot tree 
Asn'result of thepruhing the fcalmean length ofnew’shoots was '210 
cm., while it was 94 cm. on the unpraned neighboring' trees. , The equa'* 
tion for'the growth of these apricot shoots was that of a monomolecular 
chemical reaction, 

x^a 

in which x represents the length of the shoot at time I, a is the final length 
of the shoot, is'a,constant, ,and eiS'the base of the,natural logarithms. 
Having'the values',of a and''fe,,it is.possibletO;compute the lengthnf the 
shoots im any', value'of i in the','growing :sea$on, ,' ,For'these apricot shoots. 
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the value of k was the same, but that of a differed in the two equations. 
The rate of growth in such a case is expressed by the differential equation 

or, 

at 

The rate of growth of' the shoot appears, therefore, to be dependent 
upon its final length. The rate may be affected by (i) a variation in the 
activity of the catalyst or (2) a variation in the supply of potential growth 
materials. The case of the apricot shoots is believed to be applicable to 
the pear shoots. 

It is difficult to understand how the amputation of a greater or less 
portion of a mother shoot can increase the supply of potential growth 
material for the same except as it decreases the number of meristematic 
centers. Two' arguments against the validity of such an assumption at 
once;arise. In the first place, mother shoots which had been pruned pro¬ 
duced more new material than unpruned mother shoots possessing the 
same number of buds (Table III). In that case the number of competing 
growth centers was the same, but the results were different. In the 
second place it has already been shown that the number of buds left on 
a pruned mother shoot had very little effect upon the total amount of 
' new shoot wood produced. The deviation of' the, values from their mean 
was less than 10 per cent of the mean. 

We, therefore, seem to' have reason to 'assume that the cause of the 
increased growth is to be referred to an increased activity of the growth 
catalyst. The reason for this increased activity, will be discussed in con¬ 
nection with the,difference in growth of the several laterals. 

If no opposing factors were,operative 'we should expect that each 
mature bud on the mother shoot would develop into a lateral shoot. The 
size of the laterals would be largely determined, by the, amount of energy 
which they were able to obtain from the parent tree, supplemented by 
what they could obtain from outside sources. To state it somewhat more 
'specifically,' the size of a young lateral at the outset would' depend upon 
the amount of growth-promoting material which the parent tree could 
furnish it. In course of time, .however, the assimilatory system of the 
new shoot would'be able to furnish additional supplies of'material, a part 
of which cO'Uld be used to further the growth of that shoot. , The'amounts 
of growrii-promoting materials obtained in the latter, as well as in the' 
'' feriher, case would largely'he determined b'y the p'osition of the''shoot, 
Whichw'OUld in, turn determine/the conditions of competition for water, 

^ .'light,'"and other'"factors. The buds near the'base of the mother shoot 
iriight,'''the'fel'bre, be' expected ho 'grow.''first .into ''shoots 'and .subsequently 
to d,eve!op'as; their"; access to'light should-give them opportunity. ,' 
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Tlie most casual observer is aware, however, that the lateral shoots 
arising from an older vertical shoot are by no means equal in length* 
The longest lateral is usually produced at the apex of the mother shoot, 
and each successive lateral is shorter than^ tlie preceding. 

This characteristically greater growth of new shoots at'the distal end 
of an upright branch, especially after pruning, is a well-recognized 
condition. An adequate understanding of its causes is greatly to be 
desired. Many of the statements on the subject to be found in botanical 
literature are vague, and others are' mystifying. For example, the 
mere statement that ‘*the available food materials of tlie stem are' 
principally devoted to the development of the apical bud’' raises more 
questions than it answers. The statement that the growth on an 'Up¬ 
right branch is regulated by polarity falls into the same category. ' In 
the sense that polarity” has been applied to the formation of shoots, 
and' roots on cuttings this idea would be inapplicable to the factors 
infltiencing fruit-spur formation, since, in its implication, “polarity** 
involves the idea of two mutually exclusive, opposite qualities—for 
example, the opposite ends of a magnetized bar of metal. The idea of 
an “axial gradient” as used by Child (a) is a more exact designation 
of the phenomenon but does not account for the' production of the 
gradient. If it be solely a question of the distribution of nutrient 
materials in the parent branch it is diiScuIt to understand why the 
growing points at the distal extremity of the branch should acquire such 
quantities as would result in the production of larger shoots, while the 
growing points near the proximal extremity usually fail altogether to 
develop into shoots in the first season., ■ 

It seems' logical to assume that the type of development observed 
depends not upon the distribution of nutrient materials in the parent 
branch but, upon the distribution of some substance which is antagonistic 
to growth.'; This substance may be formed in the distal region of the 
shoot' and migrate toward the base of the shoot.' Certain evi-^ 
deuce on this point has been already presented {ix). We may, 
therefore,' assume that the amputation of a portion of the mother shoot- 
removing the apical bud' and a number of,adjacent subapical buds— 
amoved the/most active'centers in which some sort ■ of a growth-, 
'inhibiting'Substance was produced, ■.'The effect of this Operation was to 
remove "an obstacle which impeded'the development'of subapical buds 
into''shoots. This is an. aspect'of the'theory of chalones winch are 
jtOcognized 'as factors in the growth of^ the animal body and which have 
been discussed in relation' to .plant" growth by Toeb (j)" and Reed 
and Halma (10, ii)'. On" the'basis'of this, assumption it.would appear, 
that,tbe' buds immediately below the point 'of 'amputation,'grow first 
because they are 'the first to be^ freed ■ from the inhibiting 'S'Ubstance.' 
As''soon''as tlie new shoots'begin to grow they begin'tO'''produce"more 
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of the inliibitiag substance, wMdi, in turn, tends to keep the buds 
below them dormant. The successively smaller size—dimiiiisliiiig 
length— of the lower shoots appears to be due to the effect of the growth- 
inhibiting substance produced in those above, an effect to which each 
shoot contributes, with the result tliat the lowest buds, are entirely 
prevented from developing. 

We may proceed to examine the plausibility of these theories as applied 
to the formation of laterals. On the supposition that a reduction in the 
length of the mother shoots so reduces the demands on the resources at 
the disposal of the tree that each growing point acquires a larger supply 
of these resources we should expect that the shorter mother shoots would 
produce more lateral growth than the longer mother shoots. Reference 
to the .total lateral growth of the^ different mother shoots shows that this 
waS' not the oase., If any difference existed it was in favor of the longer 
mother shoots. ' If we compare two classes of mother., shoots originally 
possessing approximately the same number of buds, one,of which was 
pruned and the.other'unpruned, we shall see that the pruned mother 
shoots produced considerably more total growth than the unpruned; ■ A 
possible, objection" to this' comparison, may- be mentioned—the shoots 
which were pruned were .constitutionally more vigorous, because after 
removing a portion they were still as long as a certain class of unpruned 
mother shoots. An examination of Table III shows, however, that there 
is no ground for this objection, because the longest unpruned mother 
shoots failed to produce as much lateral growth as the shortest pruned 
shoots. The objection may, therefore, be dismissed. 

An inspection of the trees in the orchard would convince any impartial 
observer that the pruned trees were .in no way inferior'in size to . the 
unpruned, although the shape of the tree naturally differs. After three 
years the'trees receiving heavy pruning each winter—the trees on which 
the pruned mother shoots were selected for measurement—had an aver¬ 
age trunk girth of; 16.2 ±0.3 cm., and the unprimed' trees had a girth of 
16.6 ±0.2 cm. ' Obviously the difference between the two is negligible* 

Passing to,.the second possible explanation, that of an inhibitor, we' 
should expect to find that .the removal of the apical bud of a shoot, or of 
the zom in 'which the 'inhibitor waS' principally produced, ^ would be 
shown by greater growth of laterals from the shoot'remaining.' So long 
as the principal source.of the inhibitor were removed thebotal amount of 
new growth would have little, if any,, relation to the length of the mother' 
sh-:oot, until' new supplies were produced. The data .give strong evidence 
in favor,of such ah .assumption.' As soon as growth ..of the new.'lateral 
got, underway'more of the'.chalone would be'produced and' wouldrinhibit 
growth., in the .subapical'laterals so that total lateral growth would ,be 
limifc'ed. and would, diminish,,, with ,the' distance, of 'the laterals'.from the 
ap«.nf the'mother.''S.ho,ot.. 
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It would also appear that the data fail to support the assumption that 
in such cases a growth“Stimuiatmg substance migrates from the sur^ 
rounding tissues and accumulates in the dominant area. It is quite 
probable that the growth-stimulating substances are of the nature of 
catalysts but that they occur in all buds on a mother shoot. We know 
that the amputation of a portion of a pear shoot will be followed by the 
growth of laterals from the buds immediately below the point of ampu¬ 
tation (10). The data here presented show that the first laterals from 
the shorter mother shoots were longer than those from the longer mother 
shoots. Yet the latter had a larger surrounding area to draw upon if we 
assume that the growth of laterals was governed by the migration of 
growth-promoting substances. Furthermore, the slope of the regression 
line (fig. 6) indicates that the relationship between length of,mother 
shoot and length of first lateral is negative throughout the whole 
population. 

In order to remove a possible confusion in .the mind of the reader, 
,the substance of, previous paragraphs may be xepeate,d at this point 
The shorter mother shoots, although producing longer apical laterals, 
nevertheless produced practically the same total of laterals as the longer 
mother shoots. ' ' ' 

It would seem more logical to assume that each ■ of' the buds on the 
motlier shoot is provided with the growth-stimulating substance (catalyst) 
and that all will grow provided they are suj0&ciently freed from sub¬ 
stances which inhibit the action of the catalyst. 

SUMMARY 

(1) The paper contains an attempt to. analyze and correlate' the 
growth phenomena of young shoots on branches of the pear tree. 

(2) Mother shoots which had been headed back in' the ■previous winter 
produced about 65 ,per cent greater total growth of laterals.than their 
unpruned neighbors. The frequency distributions of laterals on both 
classes of mother shoots show a positive skewness, which is taken to 
indicate a tendency to produce more than.the mem quantity of wood. 

(3) If mother shoots received any pruning whatsoever, the severity' 
of the pruning seemed to have little influence upon the total amount of 
new laterals produced in the -following season., The growth'^ response 
showed little tendency toward a ^'restoration of lost parts.'' 

. ..(4), The longest lateral on,a mother shoot is usually at the distal end, 
and each successively lower lateral is usually, shorter .than the one above 
', it. , The mathematical relationships of the system of lateals- indicate- a. 
definite functional relation' of the growth processes involved.' Variability 
in-the length of, laterals tends^ .to incr:ease as their' distance from the 
distal .e'ud of the mother shoot increases. , 
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(5) The lateral arising from the distal end of an upright motlier shoot 
exerts a well-marked dominance over those arising from buds'beneath it. 
Themother shoots which were most reduced in length'by pruning usually 
produced longer distal laterals- '■ 

(6) There is a' well-marked positive correlation in .the leng'th of neigh¬ 
boring laterals on the same mother shoot, 'but the correlation diminishes 
as the distance between the points of origin of the laterals increases; 
that is to say> tlie longer the distal lateral becomes' the more will the 
subtending laterals fall short of the size which they might be expected 
to attain from the general size'relations in the population under con¬ 
sideration. In harmony with such a relationship, it was found that the 
capacity of any lateral to reach the length of a lateral situated higher 
on the mother shoot is expressed by relatively large negative coefiicient. 

(7) Fruit spurs were commonly more abundant upon unpruned 
mother shoots than upon those receiving pruning in the previous winter. 

..(8) The growth response indicates that increased growth following 
pruning is due to the removal of regions' containing, or producing, sub¬ 
stances which'would otherwise tend to inhibit growth of other .members 
of the system. ■ Each mature bud on the mother shoot seems capable of 
developing into a lateral provided it be sufficiently free from growth- 
inhibiting substances. 

(9) On the assumption that the pear branches produce a growth-inhibiting 
substance which flows in a basipetal direction, it is logical to find a 
gradient in the formation of laterals such as that existing here.. The 
inhibitor would be more concentmted as the distance from the apex of 
the shoot increased. The effect of the increasing concentration would be 
to'retard increasingly the growth'of the lower laterals, until finally such'a 
concentration would be reached as to inhibit growth 'entirely.' 
way the dominance of the.apical shoots would be not only established but 
'perpetuated*' ' ' '' ' 
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